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Chapter 1 @) 
Exploration of the QCD Phase Diagram oe 
at Finite Baryon Density Region: Recent 
Results from RHIC Beam Energy Scan-I 


Nu Xu 


1. Introduction: The goal of high-energy nuclear collisions is to study the properties 
of the QCD phase diagram. Specifically one wants to first discover the new form of 
matter Quark-Gluon Plasma (QGP) and the transition from QGP to normal hadronic 
region. Early experimental results from RHIC \/syy = 200GeV Au+Au and LHC 
J/Snn = 2.76 — 5.02TeV Pb+Pb collisions have led to the conclusion of the for- 
mation of strongly-coupled Quark-Gluon Plasma (sQGP) at vanishing net-baryon 
density in such collisions.! Regarding the nature of the transition, Lattice Gauge 
Theory calculations have demonstrated that the transition from sQGP to hadronic 
region at 4g ~ 0 is asmooth-crossover [1], indicated as thin-dashed-line in Fig. 1.1. 
Note that so far no direct experimental evidence for the smooth-crossover transition. 
On the other hand, in large net-baryon density region, it has been speculated that 
the transition from the sQGP is of the first-order [4] shown as black-line in Fig. 1.1. 
If both the smooth-crossover at jzg ~ 0 and the first-order phase transition at large 


Nn high-energy nuclear collisions at LHC ./syy = 2.76 — 5.02 TeV and at RHIC /syy = 
200 GeV, the values of baryonic chemical potential are found to be zg ~ 0 and 25 MeV, respec- 
tively. All are much smaller than that of the transition temperature T ~ 155 MeV [2]. 


N. Xu (Bl) 

Key Laboratory for Quark and Lepton Physics (MOE) and Institute 

of Particle Physics, Central China Normal University, Wuhan 430079, China 
e-mail: nxu@Ibl.gov 


N. Xu 
Nuclear Science Division, Lawrence Berkeley National Laboratory, 
Berkeley, CA 94720, USA 


2 N. Xu 


Fig. 1.1 Schematic QCD 
phase diagram: temperature 
as a function of baryonic 
chemical potential. The 
corresponding energy ranges 
for different accelerator 
facilities are indicated in the 
figure. Red-line: chemical 
freeze-out [5]; Black-dot at 
T = 0: mass of nucleon; 
Black-line: speculated 
first-order phase boundary 
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net-baryon density region are true, there must be a QCD critical end point,” shown as 
square in Fig. 1.1. Ever since the discover of the sQGP in 2005, scientists have asked: 
What is the properties and structures of the QCD phase diagram at large net-baryon 
region? Should the QCD critical point exist, where is it? Aimed at the exciting goal, 
RHIC carried out its first beam energy scan (BES-I) program that covers the center of 
mass energy from ./syy = 7.7 to 200GeV corresponding to the baryonic chemical 
potential from jug ~ 420 to 20 MeV in central Au+Au collisions, respectively. 

In this short review, I will first discuss selected recent results from RHIC BES-I 
followed by the discussions on the opportunities in future physics program in order to 
address the key questions regarding the QCD phase structure including the illusive 
critical point. I would stress that adequate detector upgrades, focused at the large 
baryon density region, are essential for the future physics program. 


2. Freeze-out Dynamics: In order to set the landscape for future discussion, we first 
discuss the freeze-out dynamics observed in RHIC BES-I. STAR’s recent results of 
hadron spectra from the BES-I has been submitted for publication [6]. Assuming that 
the thermal equilibrium is reached in the heavy-ion collisions at RHIC, the extracted 
chemical freeze-out parameters temperature and baryonic chemical potential are 
shown in Fig. 1.2. Filled-circles and open-squares are form central (top 5%) and 
peripheral (60-80%) Au+ Au collisions, respectively. The yellow-line represents the 
systematics of hadron resonance gas (HRG) fit of chemical freeze-out [5] and the 
green-band is the LGT results [2]. The BES-I alone covers a wide range of the baryon 
density region: 20 < wg < 420MeV. At a given collision energy, it appears that 
the temperature parameter are very similar but a clear centrality dependence of the 
chemical potential parameter: the more the central collision the larger the potential. 


?In high-energy nuclear collisions, due to the finite sizes and finite evolution time, precisely speaking 
there is no critical point but rather a critical region. All experimental efforts should look for the 
critical ‘region’ [3]. 
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Fig. 1.2. Experimental results of chemical freeze-out temperature as a function of the baryonic 
chemical potentials from the RHIC BES-I [7]. Red-circles and black-squares represent results from 
the top 10% and 60-80% Au+Au collisions, respectively. The hatched green-band represents the 
Lattice results [2]. The yellow-line shows the empirical thermal fits results [5] 


At the baryon density jug < 300 MeV, results from LGT and HRG are consistent and 
they are relatively flat as a function of the wg. Starting about 4g ~ 300 MeV, the 
temperature seems decrease. 


3. Search for the QCD Critical Region: Fluctuation of conserved quantities are 
useful tool for criticality analysis. Especially in high-energy heavy-ion collisions, 
the size and evolution duration of the created medium are finite so the higher the 
order of the fluctuation the better sensitivity is expected [9, 10]. The net-proton, 
net-Kaon and net-charge multiplicity distributions have been used to search for the 
QCD critical region in RHIC BES-I [7, 11, 12]. Figure 1.3 shows STAR prelimi- 
nary results of the fourth-order fluctuations «7 of net-protons (filled-circles), anti- 
protons (open-triangles) and protons (open-squares) from the most top 5% central 
Au+<Au collisions. As the energy decreases or in another words as the baryon den- 
sity increases, one can see that the net-proton xo” starts to decrease and shows a 
dip at about ./svy ~ 20GeV, followed by a sharp increase above unity for collision 
energy below 10GeV. Such an oscillation pattern was predicated in a model calcu- 
lation where the criticality is expected [3]. On the other hand, the UrQMD results 
show a continuous monotonic decrease, see yellow-band in the figure, presumably 
mainly due to the baryon number conservation. 

Note that when \/syy < 15 GeV all data points are above unity indicating that the 
interactions among these protons are attractive. But all known transport models have 
failed in reproducing the attractive behavior in the high net-baryon density region 
[Lp = 300 MeV, even the attractive interaction was turned on [13]. A similar sharp 
increase of net-proton directed-flow slope parameter (dv;/dy|,-0) has also been 
observed in the same energy region [14]. Unlike the fluctuation case, the observation 
indicates a repulsive interaction instead of the attractive one. In [15], the authors 
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Fig. 1.3. STAR preliminary results [8] on the energy dependence of the fourth-order fluctuations 
xo? of net-protons (filled-circles), anti-protons (open-triangles) and protons (open-squares) from 
the most top 5% central Au+Au collisions. The yellow-band represents the results from UrQMD 
model calculations while the green-band shows the estimated statistical errors for the net-proton 
xo” from RHIC BES-II. Future fixed-target experiment at FAIR will cover the energy region of 
/SNN = 2.5 to 5.5 GeV, shown as dashed-blue-box 


have argued that multi-nucleon interactions might be responsible to the observed 
enhancement in net-proton ko? at ./Syy < 15 GeV, but no convincing explanations 
for the data of both net-proton fluctuation and directed-flow yet. 


Summary and Outlook: The successful RHIC BES-I program has yielded several 
interesting results especially the non-monotonical energy dependence of the net- 
proton fluctuation as well as the directed-flow. In the BES-II, we will focus on the 
region 7.7 < ./syn ~ 20GeV and the experimental uncertainties will be reduced 
dramatically [16]. In order to extract meaningful information on the critical region, 
we have to understand the baryon dynamic at the even higher density region. There, 
homogeneous and large acceptance (in both pr and rapidity y) and high efficiency 
for proton measurements will be essential [16]. In this energy region, compared to 
the collider mode of the fixed-target collisions is more efficient. The next genera- 
tion experiment CBM at FAIR is designed for the purpose [17]. It will cover the 
crucial energy region: 2 < ./syy ~ 5GeV (800 < pg < 500 MeV), as indicated by 
the dashed-blue-box in Fig. 1.3. 
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Chapter 2 
Silicon Sensors for Experiments in High ere 
Energy Physics 


Alexander Dierlamm 


2.1 Introduction 


High energy physics (HEP) is probing the nature of matter. With large accelerators 
new particles are generated and huge detection systems identify the type and proper- 
ties of those to challenge predictions of particle physics theories. The measurements 
agree very well with current theories, but more accurate measurements or detection 
of very rare events can help to identify the best descriptions of our universe. That 
pushes the acceleration systems to higher energy and luminosity. High luminosity 
comes with a large number of simultaneous tracks to be distinguished and a very 
harsh radiation environment. The detection systems closest to the interaction points 
are tracking and vertexing systems, which mainly rely on silicon sensors as sensitive 
elements and are strongly affected by increasing luminosity. 

The upgrade of the LHC to the high-luminosity LHC will push the peak luminosity 
to 5— 7.5 x 10*4cm~?s~! and the integrated luminosity to 3000fb~! [1] for the 
CMS and ATLAS experiments. This results in an equivalent fluence of up to 2 x 
10!©neg /cm? for pixel sensors and | x 10! eg /em? for strip sensors (Fig. 2.1). The 
total ionizing dose reaches 10 MGy and 700 kGy, respectively. 

The silicon sensors will suffer from radiation damage due to displacement damage 
in the bulk and ionization in the silicon oxide at the surface of the bulk silicon. 
Displacement damage generates vacancies and interstitials, which can form higher 
order defects combining with themselves or with impurities (e.g. oxygen, carbon, 
phosphorus, boron) in the crystal lattice. These defects show up as energy levels 
in the band gap of silicon [2]. Depending on the energy level and the interaction 
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Fig. 2.1. Expected radiation environment for the CMS tracker at the HL-LHC [6] 


cross sections these defect levels can act as generation centers for volume generated 
leakage current, as trapping centers to fix mobile charges for a short period of time 
(long enough to get lost for fast electronics) and as acceptors/donors modifying the 
effective space charge and the shape of the electric field. Ionizing radiation leads to 
a positive charge within the silicon oxide and generation/activation of interface traps 
which both alter the electric properties close to the surface [3, 4]. One effect for 
example is the attraction of mobile electrons to the positively charged oxide creating 
an accumulation layer of electrons, which could short circuit n-doped strips/pixels. 
This has to be prevented by measures to isolate the strips by p-stop or p-spray 
techniques [5]. 


2.2 Silicon Sensor Types 

This section discusses silicon sensor types of current interest mainly for the upgrades 
of the LHC experiments. 

2.2.1 Planar Silicon Sensors 


Manufacturing of planar silicon sensors is a mature technology, which is being devel- 
oped and applied for more than 35 years [7]. The sensors are based on structured 
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Fig. 2.2 Illustration of the main developments for planar silicon sensors: thin devices and small 
pixel cells (here with punch-through connections for biasing without bump-bonded read-out chip) 


pn-junctions operated under reverse bias. Sensors with structured p-type strips/pixels 
on an n-type bulk (p-in-n) collect holes and have been used in large scale detectors up 
to now. Trapping is much more severe for this kind of sensor due to the slower drift of 
holes that results in higher trapping probability. To gain higher radiation resistance 
(as required for the strip trackers at HL-LHC and vertex detectors) electrons need to 
be read out [8] and n-in-p or n-in-n sensors are used. For even higher radiation one 
needs to increase the electric field strength in the sensors. Increasing the operation 
voltage has a practical limit, therefore thinner sensors are being developed that collect 
greater charge at moderate voltages compared to thick sensors after high irradiation 
(Fig. 2.2a). 

The initially smaller charge compared to thick sensors is accepted in view of 
increased longevity, reduced leakage current and lower material budget. 

For vertex detectors the high density of tracks requires higher granularity of the 
sensors and therefore smaller pixel cells (e.g. 2500 1m? cells in Fig.2.2b). Small 
cells reduce the individual readout channel noise, which enables the detection of 
smaller signals after severe radiation damage. 

The two general purpose experiments at LHC, ATLAS and CMS, will receive 
new tracking systems for the HL-LHC phase each equipped with 200 m? of n-in-p 
type silicon sensors [9, 10]. Also the vertex detectors will be replaced and equipped 
with several square meters of planar silicon pixel sensors. These big systems will be 
exceeded in size by the CMS High Granularity Calorimeter, which will be equipped 
with 600 m2 of planar silicon pad sensors [11]. LHCb will build a new tracking 
system with 10 m2 of silicon sensors (upstream tracker) utilizing double-metal layers 
for signal distribution and front-side biasing for eased module production [12]. 
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2.2.2 3D Sensors 


To overcome the penalty of less generated charge when reducing the drift distance in 
planar sensors, the electrodes were proposed to be manufactured in form of columns 
into the bulk [13]. These so called 3D sensors allow lateral drift to closely spaced 
columns, while keeping the thickness high and thus maintaining the charge generated 
by the penetrating particles. The devices typically show more than 50% charge col- 
lection efficiency after severe irradiation (>5 x 10 Neg /cm*) even when operated 
at low bias voltages between 150 and 200V. This sensor type requires specialized 
and lengthy process steps and is currently offered by three vendors (FBK, CNM and 
Sintef [14]). This sensor type exhibits an inefficiency for particle detection when 
the particle traverses one of the columns, which can be overcome by placing the 
sensors at an angle to the incoming particles. Three-dimensional sensors were first 
deployed in the ATLAS Inner B-Layer, for which production yields of about 65% 
were reached [15, 16]. 


2.2.3  HV-CMOS Sensors 


Monolithic Active Pixel Sensors (MAPS) combine sensitive elements and readout 
electronics and can overcome the limitations of hybrid systems such as connectivity 
(costly bump-bonding) and very low mass. The largest application of such MAPS is 
the future ALICE Inner Tracking System [17], which will be equipped with 10m 
of these detectors. Although MAPS are widely used (from CMOS cameras to the 
STAR experiment [18]), they suffer a lot from radiation damage and the readout 
speed is slow compared to the requirements for proton collisions at LHC (40 MHz). 
A fairly new development is the usage of industrially available HV-CMOS processes 
to allow biasing of the substrate up to about 150 V leading to a collection of the charge 
carriers by fast drift rather than slow diffusion as for conventional CMOS processes. 
Therefore, HV-CMOS sensors are much more radiation hard and can be considered 
for applications in a much wider field including LHC experiments [19]. Still, there 
are several challenges to overcome like time resolution, power consumption and 
production of large sensors, which requires stitching for sizes larger than about 
5cm?. The first application of HV-CMOS sensors in a particle physics experiment 
is at Mu3e [20, 21]. 
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Chapter 3 M®) 
Physics and Detectors at Future Linear rie 


Colliders 


Kiyotomo Kawagoe 


3.1 Future Linear Colliders 


The history of particle physics tells us that hadron and lepton colliders are com- 
plementary and synergetic. While hadron colliders are good at producing heavy 
particles with their very high energies, lepton colliders are good at their precision 
measurements with simple and clean experimental environments. The ATLAS and 
CMS experiments at the LHC run | with center of mass energies 7 and 8 GeV have 
discovered the Higgs boson during 2012 [1, 2]. They have been searching for new 
physics with the LHC run 2 that started in 2015 with center of mass energy of 13 TeV, 
but with no success. The diphoton mass peak around 750 GeV observed in the 2015 
data, which generated widespread interest, was not confirmed by the 2016 data with 
much more statistics [3, 4]. 

In this situation, where we don’t have any apparent signature of new physics at 
the LHC, precision measurements of the Higgs boson and the top quark at future 
e*e~ colliders gain more importance than ever. Through precision measurements 
one can reveal symmetries and basic principles behind the Higgs boson and the top 
quark, and possibly obtain information of as-yet undiscovered particles. The hadron 
and e*e~ colliders are complementary to each other and the synergy of the two will 
open a new vista of particle physics. 

The future energy-frontier ete~ collider will be necessarily linear, not to suffer 
from energy loss due to synchrotron radiation. The energy loss per turn of a charged 
particle is proportional to the fourth power of the energy over mass, and inverse of 
the radius of a circular accelerator. This leads to two possible ways to reduce the 
energy loss. One is to circulate heavy charged particles, like protons as done at the 
LHC, and the other is to use an accelerator with a large radius. A linear collider is 
an accelerator with an infinitely large radius, i.e. with no synchrotron radiation. It is 
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recognized that this is the only option to realize an et e~ collider of center-of-mass 
energy beyond 500 GeV. In addition, linear colliders have two excellent advantages. 
Firstly, the collision energy can be extended by simply adding LINAC if the tunnel 
is long enough. Secondly, polarization of electron and/or positron beams can be 
controlled to select initial states and hence to select interactions of et e~ collisions. 

There are two future linear colliders in the planning stage. The first one is the 
ILC (the International Linear Collider) that has been is developed via a global effort. 
The cold technology was chosen by an international panel in 2004. Since then an 
international team called GDE, the Global Design Effort, worked on its R&D, and 
completed ILC TDR (Technical Design Report) back in 2013 [5]. The center of mass 
energy of the ILC is designed to be 250-500 GeV, which is extendable to more than 
1 TeV. As described in the TDR, the key technologies, namely the superconducting 
RF and beam focusing are well matured. Therefore, the ILC is now in a phase moving 
from the design to the reality, led by a new organization LCC (the Linear Collider 
Collaboration) [6]. 

The other is the CLIC, the Compact Linear Collider, being developed by CERN. 
This collider is based on two-beam acceleration concept and has a potential energy 
reach up to 3 TeV or more. Its Conceptual Design Report (CDR) was published in 
2012 [7], while the baseline was updated in 2016 with a staging scenario, starting at 
the center-of-mass energy of 380 GeV [8]. It is understood that the CLIC needs more 
R&D efforts than the ILC. The CLIC stands among the future programs of CERN, 
after completion of the HL-LHC (High Luminosity LHC) project [9]. 

In the following, we focus on the ILC. After the Higgs discovery and completion 
of the ILC TDR, the Japan Association of High Energy Physicists (JAHEP) proposed 
to host the ILC in Japan. The Kitakami mountain area in the north part of Japan’s 
main island was evaluated as the most possible candidate site, as it has long and 
stable granite bedrocks without faults, being ideal for the construction and operation 
of the ILC. Whether to host the ILC in Japan is now officially discussed by the ILC 
advisory panel established in 2014 in MEXT (Ministry of Education, Culture, Sports, 
Science and Technology) of the Japanese Government. 


3.2 Physics at the ILC 


The physics case for the ILC was described in the ILC TDR [5] Volume 2 as well 
as in [10]. First of all, the ILC is recognized as a Higgs factory, where the Higgs 
boson will be copiously produced with small background contamination. The precise 
Higgs measurement at the ILC is aimed at finding the direction of physics beyond the 
standard model through it. The measurement will be performed in three steps. The 
Higgsstrahlung process is dominant at ,/s = 250 GeV, where various decay modes, 
including the invisible one, can be measured very precisely. At higher center of 
mass energies, we can measure the Higgs boson production via vector-boson fusion 
processes. This measurement will enable us to determine the total decay width of the 
Higgs boson, and to normalize relative branching ratios, resulting in determination of 
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absolute Higgs couplings. At center of mass energy of 500 GeV, it would be possible 
to measure the Higgs self-coupling, which is key to understand the Higgs potential. 

Precisions of the Higgs measurements at the ILC with an operating scenario of 20 
years [11] are typically by factor 5—10 better than those at the HL-LHC for most of 
the decay modes, while synergy between the HL-LHC and ILC is remarkable for the 
measurement of Hy coupling. We will be able to not only discover new physics via 
the deviation from the standard model, but also to distinguish models of new physics 
with specific patterns of deviations. 

Discovery of the triple Higgs coupling is very important, as this leads to a direct 
evidence for vacuum condensation. The measurement is very tough even at the ILC, 
because of the low cross section and multi-jet final states, coupled with presence 
of interfering diagrams. Results of previous simulation studies show precisions of 
the cross sections and coupling typically of several 10%. Efforts are being made to 
improve the analysis for a 10% level measurement. 

The top mass can be very precisely measured, at a level of 50MeV, by the tf 
threshold scan. The mass measured in this way will provide an important input 
to check the stability of vacuum, or the fate of our universe. Polarized beams are 
essential to precisely measure the Z/f left-right couplings, which would enable us 
to distinguish various composite models. 

If the dark matter particle y is lighter than the half Higgs mass, it can be searched 
for by studying the process ete” — ZH followed by an invisible decay H > yy, 
using the recoil mass calculated only from the Z decay products. Model independent 
search for the dark matter can also be performed with mono-photon events, namely 
an initial state photon plus nothing (ete~ > yZ* > yyx). If the Lightest Super- 
symmetric Particle (LSP) is Wino-like or Higgsino-like, the mass difference between 
the Next Lightest Supersymmetric Particle (NLSP) and the LSP is very small in most 
cases, and the LHC may not be able to explore this region. In such a case, the ILC 
is very powerful, where one can look for events with ISR photon and soft particles 
coming from the decay of NLSP to LSP. 


3.3 Detectors for the ILC 


Driving requirements for linear collider detectors are listed bellow. Unprecedented 

performances are needed to take full advantage of a linear et e~ collider. 

1. An excellent vertex system with pixel detectors and low material budget is nec- 
essary to achieve desired impact parameter resolution for jet-flavor tagging. 

2. Excellent momentum resolution is required for the precise reconstruction of the 
recoil mass of the Higgs boson using lepton pairs from the Z boson. The momen- 
tum resolution goal is o1;), ~ 2 x 10> GeV~!. 

3. Jet energy resolution should be good enough to identify W and Z bosons in 
multi-jet final states. 
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The particle flow algorithm (PFA) [12-14] is the leading philosophy of detector 
optimization, which has been developed to realize an excellent jet energy resolution. 
The PFA optimally combines measurement of following types of particles in jets to 
reconstruct the latter energy; 


e charged particles, about 60% on average, are very precisely measured by the tracker 
with good precision, 

e photons (~30%) are measured by the electromagnetic calorimeter with a relative 
resolution of about 15%/,/E(GeV) or better, and 

e neutral hadrons (~10%) are measured by the hadron calorimeter with a relative 
resolution of about 55%/,/E (GeV) or better. 


In this algorithm it is essential to efficiently separate particles in the calorimeter. In the 
ideal case, where each particle is resolved, a jet energy resolution of 19%/./E (GeV) 
could be obtained [12-14]. This calls for high granularity both for the electromagnetic 
and hadron calorimeters [15]. 

Two detector concepts, ILD and SiD, are validated as experiments at the ILC, both 
optimized for PFA with highly granular calorimeters. The main difference between 
the two detectors is their inner tracking system; SiD uses all-silicon tracking system, 
while ILD uses a combination of TPC and silicon tracking detectors. SiD has smaller 
inner radius of the calorimeter system, and stronger magnetic field of the solenoid. 
Many R&D studies for components of the linear collider detectors are ongoing. They 
are carried out by large groups such as CALICE and LC-TPC, as well as by individual 
small groups [16]. 
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Chapter 4 Mm) 
The Hierarchy Problem and Physics ne 
Beyond the Standard Model 


Gautam Bhattacharyya 


4.1 Introduction 


In quantum field theory, the mass of a spin-zero elementary particle receives uncon- 
trollably large quantum corrections. Then why the Higgs boson mass is only around 
125 GeV? Why it has not been jacked up to the grand unification theory (GUT) scale 
(10! GeV) or even beyond? Does it mean that the SM needs to be supplemented by 
a more fundamental beyond the Standard Model (BSM) theory controlling dynam- 
ics at a more microscopic level? What should be the properties of such theories to 
have a satisfactory solution to this so-called ‘hierarchy problem’ [1-4]? In this talk, 
I shall highlight how ‘supersymmetry’ [5] and ‘composite Higgs’ [6], as two broad 
scenarios, address this problem. 


4.2 Hierarchy Problem 


The Higgs boson receives one-loop quantum corrections from fermion (f) and scalar 
boson (s) as: Am*(f) -_ —(y}2.A*)/16n7 and Am;*(s) -_ +(5.A7)/ 167, where 
A is the highest scale of the theory. These are not divergences which can be removed 
by regularizations. We are talking about large finite corrections arising from the 
A-scale fermions and bosons which may couple to the Higgs. Even if A is very 
large, the sign difference between fermion and boson loops can be tuned to keep 
the net contribution to the Higgs mass in 100GeV range. However the couplings 
need to be tuned order by order in perturbation theory to keep the net result same. 
This is what we call the hierarchy problem. It implies that the electroweak vacuum 
expectation value (vev) v(=246) GeV is not protected either (mj, ~ Av, where X is 


G. Bhattacharyya (EB) 
Saha Institute of Nuclear Physics, 1/AF Bidhan Nagar, Kolkata 700064, India 
e-mail: gautam.bhattacharyya@saha.ac.in 


© Springer International Publishing AG, part of Springer Nature 2018 17 
Md. Naimuddin (ed.), XX/ DAE High Energy Physics Symposium, Springer 
Proceedings in Physics 203, https://doi.org/10.1007/978-3-3 19-7317 1-1_4 


18 G. Bhattacharyya 


the quartic coupling). Thus the entire SM is plagued by the hierarchy problem. Do we 
then have to accept a miraculous cancellation of one part in 1078 between unrelated 
quantities to get m:, = O (100 GeV)? In QED, electron mass is protected by chiral 
symmetry, and the photon always remains massless thanks to gauge symmetry. Can 
we associate the Higgs boson with a similar symmetry that can protect its mass? The 
SM does not have an answer. Can this be a guiding principle when we look for BSM 
physics? 


4.3 Supersymmetry 


Supersymmetry relates matter particles with force particles. For every fermion there 
is a bosonic partner and vice versa. Non-observation of superparticles means that 
supersymmetry is very badly broken (in masses, but not in couplings). Still, the 
quadratically divergent contributions to the Higgs mass cancel between loops con- 
taining virtual fermions and bosons because the couplings are related by supersym- 
metry. Minimal supersymmetry contains two Higgs doublets, and hence three neutral 
(two CP-even and one CP-odd) scalars and one pair of charged scalars. The lightest 
CP even neutral scalar is identified with the observed Higgs boson. Today, weak 
scale supersymmetric model building is suffering from the following tension: 


(1) The quartic couplings are functions of gauge couplings. As aresullt, at tree level 
the Higgs mass is at most the Z boson mass. However, large top Yukawa coupling 
induced loop corrections push it to higher values. At one loop, the approximate 
expression for the Higgs mass is given by: 


mj, = M3 cos? 23 + 3m$ In(on?/m?)/ (V2n?v") (4.1) 


where tan @ = v2/v,, the ratio of the two vevs. For moderate to large tan 3, mp 
(tree) reaches its maximum value of Mz ~ 91 GeV. So to reach up to 125 GeV, a 
really heavy stop is necessary (m; ~ 10 TeV). Adding higher loop effects brings the 
required stop mass down to 3 GeV. Still, the overall message is that one needs very 
heavy stop to generate m;, = 125 GeV. 

(2) One of the Higgs mass-square, my» starting from a positive value at high 
scale after RG running, due to large top Yukawa coupling, flips sign at the weak scale 
triggering electroweak breaking. An over-simplified one-loop expression reads 


0.5 Mz = —|ul? — My, ~ —|w?| + OW) m?. (4.2) 


Note that mi, receives large corrections from the stop mass. But the loop suppression 
factor is neutralized by a large log (of GUT scale to weak scale). It implies a cancel- 
lation between pu (supersymmetry preserving higgsino mass) and the the stop mass 
so as to generate Mz = 91 GeV. But since m; ~ TeV to reproduce mp, = 125 GeV, 
what is required is a cancellation between m; and ,: to the level of one part in 10°, 
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which constitutes the ‘little hierarchy’ problem. Although the big hierarchy is suc- 
cessfully addressed by supersymmetry, this little hierarchy is getting increasingly 
worrisome. This is basically the tension! It is not so much the non-observation of 
the superparticles, but the requirement of m, =125 GeV, that created this tension. 
Supersymmetric model building is all about addressing this issue. 


4.4 Composite Higgs 


Can Higgs be some sort of a pseudo-Goldstone boson like a pion? If so, the big 
hierarchy is solved because the Higgs would be a composite object, and beyond the 
compositeness scale (not very large) the Higgs would dissolve. This is precisely why 
no one bothers about GUT scale correction to the pion mass. Can we employ the 
same mechanism (chiral symmetry breaking) to trigger electroweak breaking? The 
answer is ‘No’, since Mw = gf, /2 = 29 MeV — a disaster! 

Technicolor was invented to address this issue, but the simple versions didn’t 
survive due to many issues, most notably, unacceptably large flavor changing neutral 
currents. In technicolor, f, = f ~ few hundred GeV, so that the correct W mass is 
reproduced. However, the oblique parameter S ~ v?/f? ~ 1, which fails to satisfy 
the LEP constraint $ < 0.01. This was a big blow for technicolor. 

To treat v and f as independent parameters, the strongly interacting sector is pro- 
hibited from directly participating in electroweak breaking (unlike in technicolor). 
Its rdle is limited to providing us with a set of pseudo Nambu-Goldstone bosons 
(pNGBs). Then we construct the SM scalar doublet out of those states. As an exam- 
ple, we assume that the strong sector has a global group G = SO(5) which sponta- 
neously breaks to H = SO(4), giving 4 Goldstone bosons. Since G is also explicitly 
broken by gauge and Yukawa interactions, those Goldstone bosons would generate 
a potential. The Higgs is one such pNGB, and its Yukawa and gauge couplings are 
modulated by strong sector dynamics. For example, the hVV(V = W, Z) coupling 
is modified from gew to Jews/1 — E, where € = v*/f*. The Yukawa couplings too get 
modified. Extremely precise measurements of Higgs branching ratios might sense 
these variations. 


4.5 Conclusion 


Supersymmetry and Composite Higgs are two broad scenarios containing many 
interesting features that can be tested at the LHC (and then at the ILC). These models 
provide useful guidelines for a more general category of BSM search. 
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Chapter 5 @) 
Electroweak Physics at the LHC cro 


Gerhard Brandt 


5.1 Introduction 


The electroweak sector is a central part of the Standard Model (SM). It is intricately 
connected to the mechanism of electroweak symmetry-breaking (EWSB). Many 
electroweak processes also represent important background to the study of the Higgs 
boson, searches for new physics, or are sensitive to contributions from new physics 
themselves. Consequently a large number of related results have been produced by 
the ATLAS [1] and CMS [2] collaborations at the LHC [3]. With excellent progress 
on the detector understanding in recent years, the data from the LHC Run-1 with 
/s = 7, 8 TeV can now be exploited to their fullest potential and provide precision 
measurements of electroweak processes at that energy. First results from LHC Run-2 
with ./s = 13 TeV data are also becoming available. They provide unprecedented 
opportunities for precision measurements of single and di-boson production and for 
the first time provide access to rare processes such as vector boson fusion, vector 
boson scattering, exclusive production of vector bosons and tri-boson production. 
The processes are also sensitive to anomalous triple gauge couplings (aTGC) and 
quartic gauge couplings (aQGC) and allow to constrain them using a traditional chiral 
Lagrangian approach or a more modern approach based on effective field theory [4]. 
This talk provides an overview of selected recent results. 
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5.2 Inclusive Vector Boson Production 


High precision measurements of W and Z production cross sections are now avail- 
able [5]. They allow to obtain a new PDF set ATLAS-epWZ16 from a QCD anal- 
ysis of LHC and HERA data, and provide confirmation that the strange to light 
sea quark density in the proton is close to unity at low xg;. A new CKM param- 
eter V.; measurement from a fit to these data is competitive with previous results. 
First inclusive W, Z cross sections from 13 TeV data are already sensitive to dif- 
ferent PDF sets [6-8]. For the first time a measurement of the W mass, my, has 
been made at the LHC [9]. The result my = 80370 + 7(stat.) + 11 (exp. syst.) + 
14(mod. syst.) MeV = 80370 + 19 MeV is competitive to current my measure- 
ments from the TeVatron and compatible with the PDG world average, as well as the 
SM prediction from a global electroweak fit. Measurements of vector boson produc- 
tion in association with jets at 13 TeV are also available [10, 11] in addition to new 
results at 7, 8 TeV [12, 13]. The cross section has been measured as function of jet 
multiplicity and in a wide range of differential distributions. Comparisons to various 
fixed order calculations at (N)NLO are in reasonable agreement with the data. 


5.3. Di-boson Production and Limits on Anomalous Triple 
Gauge Couplings 


A large number of di-boson cross sections has been measured by ATLAS and CMS 
in 7,8 and 13 TeV data. The cleanest final state, but smallest rate compared to 
other di-boson processes, is available in ZZ production which has been measured in 
8 TeV [14-17] and 13 TeV [18, 19] in various decay channels. Measurements of WZ 
production at 7, 8 TeV [20, 21] and 13 TeV [22, 23] combine the low background of 
Z final states and higher rate of W processes. Template fits of aTGC models to the 
high-pr tails of distributions sensitive to aTGC contributions, such as the transverse 
mass of the W — Z system, m}, provide some of the most stringent limits on aTGCs 
connected to a WWZ coupling to date. Measurements of Wt W~ production provide 
the largest cross section of di-boson processes but also face the most challenging 
background situation. A number of results in 8 TeV [24-26] and 13 TeV [27, 28] 
data are available. In such opposite charged W-pair production measurements it is 
essential to suppress contributions from top-pair production. This requires the precise 
understanding of the application of jet vetoes which has seen recent progress. All 
measurements are compatible with SM predictions, often involving state-of-the-art 
pQCD predictions at NNLO. For example [28] measures ow+w- = 115+ 11 pb™! 
for 118.7 43.6 pb! expected in the SM. As mentioned the high-pr tails of the 
di-boson measurements are sensitive to aTGC contributions and have been used to 
derive a large number of limits on charged (WWZ and WW y couplings) and neutral 
(Zyy, ZZy, yZZ and ZZZ) couplings. A review of all results can be found in [29], 
providing summary tables for all charged and neutral aTGC limits from the LHC 
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and previous experiments. Results from LEP and TeVatron are no longer competitive 
to the high-precision LHC limits. A first combination of ATLAS and CMS of the 
respective ZZ production measurements provides a further 20% increase in precision 
on the corresponding aTGC limits [30, 31]. 


5.4 Rare Processes and Limits on Anomalous Quartic 
Gauge Couplings 


Vector boson scattering (VBS) is intimately connected to the EWSB mechanism and 
remains an essential probe of the SM even after discovery of the Higgs boson. The 
measurements are sensitive to aQGCs and spectacular signatures are expected for 
vector boson fusion and VBS with two high pr forward jets, one or two high-pr cen- 
tral leptons and rapidity gaps in-between. In nature these turn out to be challenging 
to observe due large reducible and irreducible backgrounds. Nevertheless both elec- 
troweak production of Z bosons [32] and W bosons [33] have now been observed in 
fits to the electroweak component in enriched selections. Exclusive W-pair produc- 
tion yy — W*W7 is important to understand as background to Higgs production. 
The process has now been observed by both collaborations at 30 significance [34, 
35]. Analysis of same sign W*W~ + jj final states remains the seminal analysis 
in VBS studies and has been measured by both experiments [36, 37]. To complete 
our picture also studies of Wy + jj [38], Zy + jj [39] production have been made. 
Low statistics still dominate results, but the processes have been observed. Searches 
for W~V —> €*v + jj [40-42] with hadronic decays of V = W, Z use novel tech- 
niques such as large-R jet reconstruction at high-p;. These results are aimed at the 
most stringent limits on aTGCs and aQGCs, for example on the aQGC parameters 
—0.024 < a4 < 0.030 and —0.028 < as < 0.033 [42]. First tri-boson searches for 
Wyy [43, 44] and Zyy [45] and even WWW [46] production have been done. Since 
no deviations from the SM are found, all these results have been used to derive a 
large number of limits on aQGC, also summarised in [29]. A variety of competitive 
limits has been produced where generally VBS data are more sensitive than tri-boson 
processes. 


5.5 Summary 


A large number of electroweak processes has already been explored at the LHC. No 
significant deviations from the SM predictions are observed anywhere reinforcing our 
trust in the description of the electroweak sector of the SM. High rate processes allow 
precision tests of NNLO SM predictions. This precision will increase even further 
with more luminosity and detector understanding. Limits on aTGCs and aQGCs have 
been derived and are now testing the sensitivity of our experiments. The planned LHC 
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Run-3 and upgrade programme should bring a big increase in available integrated 
luminosity, especially for the High Luminosity LHC. If we do not find new physics 
elsewhere (for example new resonances from SUSY), the electroweak sector is the 
best place to probe. Sensitivity projection studies, for example for longitudinal VBS, 
motivate a strong electroweak programme in the future [47]. And we are just at the 
beginning of exploration of not-yet-observed rare electroweak processes like VBS 
and triboson production. 
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Chapter 6 M®) 
Exotics in Flavor Factories Cheak for 


Seema Bahinipati 


6.1 Introduction 


Although the Standard Model (SM) allows any color-neutral combinations, conven- 
tional hadrons exist as bound states of either three quarks, gqq (baryon) or a quark 
and an anti-quark, gg (meson). The exotic color-neutral combinations, that are also 
allowed in SM as proposed by Gell-Mann [1] and Zweig [2], include tetraquarks 
(¢qqq), pentaquarks (q¢qqqq), glueballs (gg), and so on. The first exotic appeared in 
the charmonium sector in 2003 , and since then, several exotics have been discovered. 


6.2. Flavor Factories 


The two asymmetric flavor factories, KEK-B, in Tsukuba, Japan and PEP-II, at 
SLAC, California, USA and their companion detectors, Belle [3] and BaBar [4] have 
produced several landmark results in flavor physics results, providing stringent tests 
of the SM. These flavor factories were instrumental in discovery of several exotic 
states as well [5—10]. Other collaborations contributing to the exotic search include 
CMS [11] and LHCb [12], BES II [13], CDF [14] and DO [15]. The exotic searches 
in all these collaborations is performed by fitting the invariant mass spectrum of the 
selected candidates within the mass window of interest. 
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6.3 Properties of X (3872) 


The first exotic observed, X (3872) was discovered by Belle in 2003 as aresonance of 
ata J/w in the decay B > K*(xta~ J/w) [5]. In 2004, the Belle collaboration 
reported the evidence of X (3872) in Bt > K*+ata~7°J/w, which was the first 
observation of an X (3872) decay mode other than +27 J/~ [16]. The collabora- 
tion observed X (3872) state in B — X(3872)K decays, where X (3872) decays to 
J /wy [17]. The existence of X (3872) has since been confirmed by several experi- 
ments such as CDF [18, 19], DO [20], BaBar [6, 21], and CMS [22]. 

Based on the angular correlations in Bt — X (3872)K*, where X (3872) decays 
to mtx” J/y), the quantum numbers of the X (3872) meson are determined to be 
J? — 1** by the LHCb collaboration [23], which ruled out the only alterna- 
tive assignment allowed by previous measurements from CDF, J?© = 2~*+ with 
a confidence level exceeding 8c. This result favors the exotic explanations of 
the X (3872) state. The BES III collaboration presented the first observation of 
ete” — yX (3872) with a statistical significance of 6.30 [24] and measured the 
production rate o[ete~ — 7X (3872)] x BLX (3872) > ata J/W] to be 0.27 + 
0.09 + 0.02 pb. 


6.4 Exotic Nature of Y (4260) 


The second charmonium-like exotic, Y(4260) was discovered in 2005 by the 
BaBar collaboration [7] using the initial-state radiation (ISR) technique in ete~ > 
VisrT? a J/w. Such states have J’© = 1~~ (same quantum numbers as 7), and are 
called Y. It was confirmed by the Belle collaboration in 2007 [8], which also observed 
an additional structure Y(4008). Later, BaBar made a more precise measurement of 
the Y (4260) parameters [25]. However, they did not confirm the new structure seen 
by Belle at ~4 GeV. 

The BES III collaboration also reported the study of the process ete” > 
ata J/w [26] at a center-of-mass energy of 4.260 GeV using a 525 pb! data 
sample. The Born cross-section was measured to be (62.9 + 1.9 + 3.7) pb, consis- 
tent with the production of the Y (4260). They also observed a structure at around 
3.9 GeV in the +z J/1) mass spectrum, which is referred to as the Z,(3900). The 
Y (4260) state was used in experiments by both the BES III [26] and Belle [27] col- 
laborations for the first confirmation of a charged charmonium-like state, Zt (3900), 
in 2013. It appears as a resonance in the decay Y(4260) > a (xt J/w), and its 
quantum numbers have been determined to be J? = 1*. As acharged state, its min- 
imal flavor content is cud, meaning that it was the first manifestly exotic state ever 
confirmed beyond 5c by the two experiments. 

Y (4260) has been confirmed by other experiments, and is charmonium-like. This 
is inferred both by its mass and decay modes, such as tt a J/w). Since all of the 
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expected conventional cc states in the 1~~ channel up to the ~(4415)(4S) have been 
seen, Y (4260) is referred to as an exotic state. 


6.5 Observation of Z (4430) 


Z* (4430) state was first claimed by Belle in B > K[m~y(2S]) decays [9]. It was 
assumed to have a minimal quark content of ccdu. This state was explained by 
BaBar through reflections of K7 system [10]. Later, Belle performed an amplitude 
analysis confirming the new state. Recently, the LHCb collaboration performed a 
4-dimensional amplitude analysis of B > K[m~wv(2S)] [28] and performed a model- 
independent extraction of the resonant phase. 

The Z(4430) state has a component with J? = 1+ (hereafter, referred as Z, ). 
The resonant nature of Z(4430) is determined from B° > K[x~w(2S)] decays. 
This observation was confirmed by a model independent analysis. In 2014, LHCb 
not only confirmed [28] the existence (at 13.90) of a charged charmonium-like 
state, Z~ (4430) > aw (first seen by Belle in 2008 [29]) with J? = 1+ , but 
also measured the phase shift in the resonant region that it found to be compatible 
with the expected looping behavior. While nature could be unkind and generate 
this behavior even in the absence of a resonance, such an accident seems unlikely, 
and moreover, further tests by LHCb [30] support that Z~ (4430) is not merely a 
kinematical reflection. 


6.6 Observation of P (4380) and P; (4450) 


In 2015, the LHCb collaboration observed exotic structures [31] in the A° > 
J/«)K~ p channel, which we refer to as candidates of pentaquark states using an 
amplitude analysis of the three-body final state. The two baryonic charmonium-like 
resonances, P* (4380) (at 90) and P* (4450) (at 120) decay into J/wp, and are 
therefore expected to possess pentaquark ccuud quantum numbers. 

To obtain a satisfactory fit of the structures seen in the J/~K~ p mass spectrum, 
it is necessary to include two Breit-Wigner amplitudes each describing a resonant 
state. The significance of each of these resonances is more than 9 standard deviations. 
The first one has a mass of 4380 + 8 + 29 MeV and a width of 205 + 18 + 86 MeV, 
while the second is narrower, with a mass of 4449.8 + 1.7 + 2.5 MeV and a width 
of 39 + 5+ 19 MeV. The preferred J” assignments are of opposite parity, with one 
state having spin 3/2 and the other 5/2. 
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6.7 Conclusions 


Several exotic hadrons have been discovered since 2003. The X, Y, Z exotic states 
have been observed at the et e™ flavor factories namely Belle and BaBar and other 
collaborations including CDF, BES III, CMS and LHCb have also observed several 
of these states. Recent additions to the family of exotic particles are pentaquarks, 
which were discovered by the LHCb collaboration. Theoretical work [32] in order 
to understand the structure of these states (such as, whether they are “molecular 
charmonium” [33], “hybrid charmonium” [34], or other possibilities allowed within 
the framework of QCD) has been performed as well. 
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Chapter 7 ®) 
Mini Review on Transport Coefficients cree 
of Quark-Gluon-Plasma 


Victor Roy 


7.1 Introduction 


Today it is widely accepted that the hot and dense QGP formed in high energy heavy 
ion collisions behave as almost perfect fluid (shear viscosity over entropy density 
ratio 4 very close to the lower bound predicted by string theory and uncertainty 
principle). It is worthwhile to mention that the the fluid evolution is governed by 
the kinematic viscosity : which is very small for QGP but the dynamic viscosity 
7 is not. The large entropy density s of QGP makes the 7/s small. Relativistic vis- 
cous hydrodynamics has been proven to be exceptionally effective in describing the 
space-time evolution of QGP by treating it as a locally equilibrated drop of fluid. By 
using appropriate algorithm (Cooper—Frye freezeout prescription) one can calculate 
experimentally measured quantities such as invariant yield and flow harmonics of 
charged hadron from viscous hydrodynamics simulation for a given equation of state 
(usually constructed from lattice QCD data and hadronic resonance gas model) and 
initial conditions (usually Glauber/Color Glass Condensate). One of the bulk exper- 
imental observable proven to be very useful for extracting transport coefficient of 
QGP is the flow harmonics v, wheren = 1, 2, 3, ... corresponds to directed, elliptic, 
triangular flow and so on. In principle the 7 and ¢ (and other transport coefficients) 
of QGP should be a function of temperature and they can be calculated from fun- 
damental theory of strong interactions i.e, QCD (more specifically lattice QCD). 
However, all the available lattice results of QGP transport coefficients contains large 
error and there is no direct way to extract the transport coefficients of QGP from the 
direct comparison of experimental data and 1QCD results. We can, however, extract 
7 and ¢ of QGP by comparing the result from relativistic viscous hydrodynamics 
simulation where 7 and ¢ are treated as a free parameter to the corresponding experi- 
mental data. This method is in use since year 2007 and even today we are essentially 
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doing the same thing but with more sophisticated hydrodynamics model. In this mini 
review we will discuss some of the important developments made in the last decade 
which led us to the present precision measurement of 7/s and ¢/s of QGP, and the 
uncertainties related to it. 


7.1.1 Essential Ingredients of Relativistic Viscous 
Hydrodynamics Model 


Before we proceed any further let us very briefly discuss the essential ingredients of 
relativistic viscous hydrodynamics (details of which can be found elsewhere). The 
fluid evolution is governed by the conservation of energy-momentum 0,,7"” = 0 and 
net conserve charges 0,,N“ = 0, where T’” and N“ are energy-momentum tensor and 
conserved four current respectively. In general the energy momentum tensor contains 
dissipative fluxes and in the second order causal theory (due to Israel-Stewart and 
Mueller) of relativistic viscous hydrodynamics these dissipative fluxes (7"” and IT) 
are treated as an independent quantity and are governed by the following relaxation 
equations (or some variant of it) with finite relaxation time 7,, T77. 


1 
Dr” = —— (n” - onV a) - [win + ul nA] Duy (7.1) 
Tr 
po =—+ | as+ev + terna, (a (7.2) 
= eee as, EN eT 


where D = u“0O,, is the convective time derivative, V“"“u’* = 5 (Viu" + V%u") — 
50,u" (g'” — u“u”) is a symmetric traceless tensor, u“ is fluid four velocity. 7 and 
¢ are treated here as a free parameter in the numerical simulation. For vanishing 
net baryon numbers we can ignore the charge conservation equation. The rest of the 
equations are closed with an Equation of State (EoS) which relates pressure (p) to 
the energy density (€), p = p(¢). Another important input to viscous hydrodynamics 
model is the initial entropy/energy density profile at the thermalisation time (7;). 
Two most popular and successful models in use are Glauber and Color Glass Con- 
densate and their variants (from now on we use the abbreviation MCG for Monte 
Carlo Glauber, OG for optical Glauber and MC KLN for Monte Carlo Kharzeev— 
Levin—Nardi). In the next section we shall mention initial conditions, EoS, and other 
important informations which are found to be most influential for the extracted value 
of transport coefficients of QGP. 
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7.1.2 Chronological Development in Extracted Value of n/s 


Experience shows us that the most sensitive experimental observable for extract- 
ing 7/s and C/s are the transverse momentum (pr) dependence of flow harmonics 
Un (pr). In the early studies mostly the second harmonics v2(p7) was used to extract 
7/s. Here we shall report the chronological development starting with the very first 
paper by Luzum et al. which appears in the year 2007. Due to the limitation of space 


and ¢/s 


Table 7.1 Viscous hydrodynamics models and extracted value of 7/s, ¢/s 


Year 


2007 


Reference 


Luzum et 
al. [1] 


Model (system) 


2+1D viscous 
hydro (Au+Au 
200 GeV) 


Initial 
condition 


OG CGC 


EoS 


HRG+PQCD 


nl/s < 


0.23 


¢/s < 


0.0 


2010 


Song et 
al. [2] 


2+1 D viscous 
hydro + 
URQMD 
(Au+Au 

200 GeV) 


MCG MC 
KLN 


HRG+LQCD 
s95p-PCE 


0.08 0.23 


0.0 


2011 


Schenke 
et al. [3] 


3+1 D viscous 
hydro e-by-e 
(Au+Au 

200 GeV) 


MCG 


HRG+LQCD 
s95pv1 


0.16 


0.0 


2011 


Roy et al. 
[4] 


2+1 D viscous 
hydro (Pb+Pb 
2.76 TeV) 


OG 


HRG+LQCD 


0.16 


0.0 


2014 


Novak et 
al. [6] 


2+1 D viscous 
hydro+hadron 
cascade (Au+Au 
200 GeV) 
multi-parameter 
Markov Monte 
Carlo method 


OG 


LOCD 


0.15 


0.0 


2015 


Ryu et al. 
[7] 


3+1 D viscous 
hydro + 
URQMD 
(Pb+Pb 

2.76 TeV) 
non-zero bulk 
viscosity 


IP Glasma 
+ MUSIC 


HRG+LQCD 


0.09 


0.3 


2016 


Nopoush 
et al. [8] 


3+1 D viscous 
anisotropic hydro 
+ Therminator 
(Pb+Pb 

2.76 TeV) 


OG 


LOCD 


0.23 


0.0 
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we will not be able to discuss in details all the references mentioned here, instead we 
show comparison of various model studies (arranged chronologically) and their main 
differences in Table 7.1. We would like to point out that the result of temperature 
dependence shear viscosity (see [5]) is not included in the Table 7.1 because it does 
not provide a single value of 7)/s like all other studies where 77/s is constant. In [5] 
it was found that the hadronic viscosity is important for Au+Au collisions at RHIC 
and QGP viscosity at LHC collisions. From Table 7.1 it is clear that as we improve 
the hydrodynamics model 7)/s approaches the lower bound 1/47 (in unit of A and 
c). However, it is probably not legitimate to claim that we have achieved such high 
precision in the extracted value of 77/s or ¢/s as there are some less unexplored field 
which may introduce uncertainty in the present known value. In [8] more relevant 
anisotropic initial condition is used and it is clear that in this case there is a rise in 
the value of 7/s. However, it should also be noted that the study [8] is in a prelim- 
inary stage and it needs to be improved before we draw any definitive conclusion. 
Before we discuss the open problems and outlook it is worthwhile to mention some 
important observation: (a) QGP is one of the most perfect fluid ever created in any 
experiment. (b) pr differential v,’s are most sensitive experimental observable to 
the QGP viscosity. 

We would like to point out the following less studied topics which are important 
for a precision measurement of QGP transport coefficients. 


e Use of a realistic 3+ 1D initial condition with longitudinal fluctuation 

e More study is needed for non-zero bulk viscosity. 

e Effect of strong electric and magnetic field in the initial stage of QGP evolution 
might also be important. 

e Arguably the best method for extraction of 7/s or ¢/s will require a full 3+1 
d viscous hydrodynamics model with the following features: realistic anisotropic 
initial condition which contains transverse and longitudinal fluctuation + hadronic 
cascade + electric and magnetic field + proper freezeout distribution function with 
correction for shear and bulk viscosity and electromagnetic field. One should use 
this model and extract the 7/s and ¢/s by multiparameter fit as was done in [6]. 
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Chapter 8 Mm) 
Results on Quarkonium and Heavy cro 
Meson Production in PbPb Collisions by 

CMS Experiment 


Prashant Shukla 


Introduction 


The aim of colliding two heavy nuclei at high energies is to create and study Quark 
Gluon Plasma (QGP), a phase of strongly interacting deconfined matter. The quarko- 
nium states have been one of the most interesting probes of QGP. Since, the LHC 
started PbPb collisions at ./sjyw = 2.76 TeV, a plethora of data have become available 
on quarkonium production [1—7]. The CMS experiment [8] with its muon detection 
capabilities has enabled several measurements on quarkonia (both charmonia as well 
as bottomonia) via dimuon channel in PbPb collisions at ./swy = 2.76 TeV. Detailed 
measurements of J/~ and w(2S) have been made in different kinematic ranges [2— 
4]. The excellent mass resolution in dimuon channel allows precise measurement of 
the three Y states and their relative yields in pp, pPb as well as in PbPb system [5-7]. 
The LHC results on quarkonia have been interpreted using a combination of suppres- 
sion and regeneration models [9] although the regeneration phenomena needs to be 
confirmed by other observables. Recently, quarkonium measurements in Pb+Pb col- 
lisions at ./Syy = 5.02 TeV have been made which are described in this report. CMS 
has excellent capability of displaced vertex measurements which enables measure- 
ment of D an B mesons containing heavy quarks. These measurements can constrain 
various energy loss mechanisms [10]. 
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Fig. 8.1 (Left panel) The nuclear modification factor (Raa) of J/y as a function of pr measured 
by CMS [3] and ALICE [1] experiments. (Right panel) Double ratio of ¢(2S) and J/w as a function 
of pr measured by CMS in two rapidity regions [11] 


Charmonia Measurements 


The CMS experiment carries out J/7 measurements in |y| < 2.4. In the forward 
rapidity range (1.6 < |y| < 2.4) itcan measure J/7 from pr > 3.0GeV/c for PbPb 
analysis which require tighter muon selection. 

Figure 8.1 (left panel) shows Raa of J/~ in PbPb collisions at ./syy = 2.76TeV 
as a function of pr measured by CMS [3] and ALICE [1] experiments. The three 
low pr points of CMS are consistent with the ALICE data. The Raq shows slightly 
upward trend for pr above 5 GeV/c. The ALICE J /~) data shows that Raa increases 
with decreasing pr below 4GeV/c. This could be suggestive of regeneration of J/w 
at low pr. Figure 8.1 (right panel) shows the double ratio of ~(2S) and J/~ as 
a function of pr in PbPb collisions at ./syy = 5.02TeV [11]. The circles are for 
forward rapidity region (1.6 < |y| < 2.4) and the squares are for central rapidity 
region (|y| < 1.6). The figure shows that 7(2S)’s are more suppressed than J /% in 
all kinematic regions at 5.02 TeV. 


Bottomonia Measurements 


CMS measurements reveal that the higher Y states are more suppressed relative 
to the ground state. This phenomenon is called sequential suppression. Figure 8.2 
(Left panel) shows the double ratio of Y(2S)/Y (1S) as a function of Npar in PbPb 
collisions at ./syn = 5.02 TeV and the right panel shows the same as a function of 
Pr [12]. These measurements show that the excited states 1 (3S) and Y (2S) are more 
suppressed than Y(1S). The double ratio Y(2S)/Y (1S) is flat over measured pr and 
rapidity range. 


Heavy Flavour Measurements 


The heavy flavoured mesons are tagged through a displaced vertex. The detection 
of D® and B+ mesons are made via K + 7 and J/w+ K channels, respectively. 
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Fig. 8.2 (Left panel) The double ratio of Y(2S)/Y (1S) as a function of Npart in PbPb collisions at 
J/SNN = 5.02 TeV. (Right Panel) Same as left panel but as a function of pr [12] 
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Figure 8.3 shows the Raq of D® and Bt compared to Raa of light hadrons [13, 14]. 
The measurements show that at pr > 8GeV/c the suppressions of both D and B 
mesons are consistent with that of light hadrons. 


Summary 


With the recent results from PbPb collisions at ./sy jy = 2.6 and 5.02 TeV, an overall 
understanding of quarkonium and heavy flavour production in heavy ion collisions 
is emerging. The Raa of J /1 shows that it remains suppressed even at very high pr 
upto 20 GeV/c. The ALICE J/z data suggest regeneration of J/~ at low pr due to 
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recombination of independently produced charm pairs. The double ratio of (2S) 
and J/~ shows that (2S) are more suppressed than J/w in all kinematic regions 
at ./Syv = 5.02 TeV. The excited states Y(3S) and Y(2S) are more suppressed as 
compared to Y(1S). The double ratio Y(2S)/Y (1S) is found to be flat over measured 
pr and rapidity range. The measurements of D° and B+ show that at pr > 8 GeV/c, 
the suppressions of D and B mesons are consistent with light hadrons at 5.02 TeV. 
Detailed measurements of Raq of quarkonia and heavy flavours at ./syv = 5.02 TeV 
are reported in Quark Matter 2017. 
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Chapter 9 M®) 
Recent Status of the Understanding ra 
of Neutrino-Nucleus Cross Section 


H. Haider, M. Sajjad Athar and S. K. Singh 


9.1 Introduction 


The neutrino-nucleus (v-A) cross sections are important input to the systematics 
of analysing v oscillation experiments. For precise measurements, there are two 
challenging tasks: (i) good knowledge of neutrino fluxes and (ii) well understood 
nuclear medium effects (NME) in the entire region of neutrino energy spectrum. In 
this presentation, we have considered the following neutrino interactions: 


QE: +n>31° +p mi y+N>l +7' +N’ 

K: }+N3D+K'4+N;; ni y+N > +H+QN’ 

AP: ;+N>I-+Y+K'; DIS: 1+N>1+X 
i=+,0or-; N,N’ =porn; Y= A,X; X = jet of hadrons. 


on nucleon and nuclear targets. Similar reactions take place with 7. It is estimated 
that due to NME the cross sections have an overall uncertainty of 20-25% [1, 2]. 


9.2 Quasielastic (QE) Reactions 


Most of the present Monte Carlo generators use Fermi gas model (FGM) of Smith 
and Moniz [3] to analyse the experimental results on v — A cross section. However, 
in the literature there are other variants of FGM like the model used by Aligarh [4, 
5] and Valencia [6] groups, where local FGM with long range correlations of the 
particle-hole excitations in the nuclear medium were included or the calculations 
where nucleon spectral functions are used [7]. The data from MiniBooNE, K2K and 
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Fig. 9.1 (Left) occge versus E,,, in '2C calculated within several models along with the Mini- 
BooNE data [1]. (Mid and Right) Comparison of the best fit MC predictions in NEUT and NuWro 
to MINERvA CCQE data. The clear difference in the normalisation between the MC and the exper- 
imental data arises from the MINERVA data placing a much stronger constraint on the cross-section 
shape than its normalisation [10] 


MINOS could not be explained by using Smith and Moniz model [3] of QE reactions 
using the world average value of axial dipole mass M,(=1.026 GeV). Martini et al. 
[8] and later Nieves et al. [9] showed the importance of two particle-two hole (2p- 
2h) contributions, the inclusion of 2p-2h along with the FGM with RPA effect gives 
satisfactory explanation of the data. Their results are also consistent with the values 
reported from NOMAD and MINERVA. The results are shown in Fig.9.1 (left). 
Recently Stowell et al. [10] compared the MINERvA CCQE data with two different 
MC generators NEUT and NuWro, the results of which have been shown in Fig. 9.1 
(mid and right). It may be seen that the data and the results from the MC generators 
are not in agreement and it may be concluded that better theoretical models are still 
needed. 


9.3 Single z Production 


The data on the weak pion production in v-A scattering in the experiments performed 
at MiniBooNE, SciBooNE and more recently from MINERVA have highlighted the 
inadequacy of our present understanding of nuclear medium and final state interac- 
tion (FSD effects. Furthermore, there is lack of consensus in the theoretical modeling 
of basic reaction mechanism of v(v) induced 17 production from the free nucleon, 
specially concerning the role of background terms and higher resonances. By includ- 
ing the contribution of the background terms and higher resonances along with the 
dominant A resonance, Aligarh group [11] has studied weak charged and neutral 
current induced Iz production from nucleons and fitted the reanalysed ANL and 
BNL data [12], and the results are shown in Fig.9.2 (left). It was concluded that 
the best description of the reanalyzed experimental data of ANL and BNL exper- 
iments is obtained when we take Hs (0) = 1.0 and M, = 1.026GeV for N—A 
axial vector transition current form factor c (Q?). Recently Valencia group [13] 
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Fig. 9.2 (Left) o¢c1, versus Ey, for vp > pr* process. Experimental results are reanalyzed 
data points of ANL and BNL experiments. For details please see [11]. (Mid) Pion angular distribution 
in several models along with the MINERVA data [15]. (Right) MINERVA data of CC17 production 
and comparison with the different MC generators [16] 


implemented unitarity using Watson’s theorem and applying it to fit old and reanal- 
ysed ANL and BNL data, the best fit was found with C4 (0) = 1.12+0.11 and 
Cc (0) = 1.14 + 0.07 respectively, and M, = 0.954 + 0.063 GeV. In the case of Iz 
production from nuclear targets, the dominant contribution from the A resonance is 
suppressed due to modifications of mass and width of the A propagator in the nuclear 
medium [14]. Moreover, the produced pions undergo FSI with the residual nucleus 
which further reduces the pion production. In Fig.9.2 (mid), the results for CCl 
production in '*C obtained by different theoretical groups are shown along with the 
MINERVA data [15]. Recently McGivern et al. [16] have published MINERVA data 
of CCl production and compared the results with different theoretical approach 
incorporated in MC generators (Fig. 9.2 right). It may be clearly observed that there 
is a discrepancy between the theoretical and experimental results which need fur- 
ther study. There is another mode of pion production from nuclear target known as 
coherent pion production where a nucleus after the interaction remains in the ground 
state and all the energy is transferred to the outgoing pion. The work by the Ali- 
garh group [17] and the Valencia group [18] have shown that the contribution from 
coherent pion production is highly suppressed due to NME and is 2—3% of the total 
pion production. Besides 17 production there can be 27 or multipion production for 
which details can be found in [19]. 


9.4 Deep-Inelastic Scattering (DIS) 


There is no sharp kinetic region to distinguish the onset of the DIS region from the 
resonance region but the region W > 2.0GeV and Q? > 1.0GeV? is considered to 
be the safe DIS region. At high energy and Q”, the inclusive DIS cross sections are 
usually expressed in terms of the structure functions which are derived in terms of 
quark PDFs using the methods of perturbative QCD. These structure functions are 
experimentally determined from DIS experiments on nucleon and nuclear targets. 
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Fig. 9.3. Results of EM (Left panel) and Weak (Right panel) nuclear structure functions in °° Fe 
(isoscalar) obtained using spectral function (long dashed line), including mesonic contribution 
(dashed-dotted line), full model (solid line) 


The observation of EMC effect has led to the presence of strong NME in DIS region. 
Recently a comparative study of NME in rid (x, O*) and ae (x, O*) has been 
done by Kulagin and Petti [20] and the Aligarh group [21]. In Fig.9.3, we show 
the results [21] for F rm Weel. (x, O*) obtained using the spectral function only, also 
including the mesonic contribution, and finally using the full model which also 
includes shadowing. It may be observed that NME in EM and Weak interactions are 
not exactly the same. 


9.5 |AS| = 0 and |AS| = 1 Processes off Nucleon 


The single hyperon (by 7) or single kaon (K/K) are produced by |AS| = 1 reaction 
mechanism (Cabibbo suppressed) while 7 meson and associated production of kaon 
are induced by the |AS| = 0 weak currents. It has been shown by Aligarh group 
[22-24] that for the precise determination of neutrino oscillation parameters these 
reactions are important. 
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Chapter 10 M®) 
Review of Latest RHIC Results ra 
and Future Perspectives 


Lokesh Kumar 


10.1 Introduction 


The RHIC experiments aim to study the formation of Quark Gluon Plasma (QGP), 
its properties, and the Quantum Chromodynamics (QCD) phase diagram [1]. These 
aspects are explored by colliding heavy-ions at the relativistic speed and analyzing 
the data produced. The study of particle production under these extreme conditions 
shed light on properties of the medium produced in such collisions. In 2010, RHIC 
experiments started the energy scan to explore the QCD phase diagram called the 
BES program [2]. The motivation was to search for the QCD phase boundary, first- 
order phase transition, and the critical point [3]. The first phase started with collection 
of data for Au+Au collisions at three energies ./syy = 7.7, 11.5, and 39GeV. In 
2011, data were collected for two more energies /syy = 19.6 and 27GeV. This 
enabled the RHIC to cover large portion of the phase diagram that included data 
from 7.7 to 200 GeV. The results presented here are from both Solenoidal Tracker at 
RHIC (STAR) and PHENIX experiments [1]. 


10.2 Results from the Beam Energy Scan 


Figure 10.1 shows the chemical freeze-out temperature T,, versus the baryon chem- 
ical potential jx for three different centralities at different energies [4]. The curves 
represent the model predictions [5]. For lower energies, the T,, versus jug exhibits 
the centrality dependence. Higher RHIC energies show little centrality dependence. 
As can be seen, the coverage of phase diagram is quite large at RHIC and it is pos- 
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sible to look for signatures of critical point, phase boundary and first-order phase 
transition at RHIC energies. 

Figure 10.2 (left) shows the nuclear modification factor Rep versus pr at different 
energies [6]. Suppression of high-pr particle at higher RHIC energies reflects the 
partonic energy loss while traversing QGP dense medium. Thus, Rep < | at high- 
Pr is considered as one of the signatures of the QGP formation at higher energies. 
The figure shows that at lower energies, the Rcp > | suggesting that QGP might 
not have formed at lower energies. There are other results which are consistent with 
disappearance of QGP at lower energies such as baryon-meson splitting, deviation 
of @-meson v2 from other particles [7], disappearance of splitting between same and 
opposite sign charges [8]. 

Figure 10.2 (right) shows the energy dependence of the observables constructed 
using the Hanbury Brown and Twiss (HBT) radii for central collisions [9]. The 
observable R2,, — R24, reflects the emission duration of the source, while (Reside — 
/2R)/ Riong, reflects its expansion speed [10]. The energy dependence of these 
observables show a non-monotonic trend i.e a maximum is observed for emission 


10 Review of Latest RHIC Results and Future Perspectives 51 


duration and a minimum is observed for the expansion speed. This might indicate the 
passage of the system through the softest region in the equation of state [10]. Another 
observable that can provide information related to first-order phase transition is the 
slope of proton directed flow v; as a function of rapidity. The energy dependence of 
proton v; slope also shows a non-monotonic behavior [11]. A simple UrQMD model 
which does not have the phase transition cannot explain this trend. 

In the vicinity of the critical point, the correlation length is expected to diverge. The 
higher moments (skewness S and kurtosis «) of distributions of conserved quantities 
such as net- baryons, net-charge, and net-strangeness, have a good sensitivity to 
the correlation length [12]. The moment products such as ko? and So are equal 
to the ratios of various order susceptibilities calculated in Lattice QCD and HRG 
model. Figure 10.3 shows the energy dependence of various products of moments of 
net-proton distributions at different centralities [13]. The bottom panel shows xo 
compared with poisson expectation and UrQMD model results. Both the poisson 
distribution and UrQMD model do not include any critical behavior and hence show 
a flat/monotonic dependence with energy. The «a7 seems to exhibit a non-monotonic 
behavior. This may be an indication of possible critical point around this region. 
However, the error bars at lower energy data are large and it is difficult to make 
conclusive statement. 


Fig. 10.3. Energy 
dependence of various 
products of moments of Au+Au collisions at RHIC 
net-proton distributions at 0.4 < p, (GeV/c) < 2.0, y| < 0.5 
different centralities 
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10.3. Observation of Global A Polarization 


The non-central heavy-ion collisions can lead to a large angular momentum of the 
order of 1000f and large magnetic field. The shear forces generated in heavy-ion 
collisions may result in vorticity to the fluid [14]. The spin-orbit coupling in QCD can 
generate a spin alignment or polarization along the direction of vorticity which is on 
average parallel to total angular momentum [14]. Thus, polarization measurements of 
hadrons emitted from the fluid or QGP can be used to determine the vorticity. Here, the 
spin of emitted hyperon from the midrapidity fireball is aligned with the net angular 
momentum of the system and is called global polarization. The global polarization 
arising from QCD spin-orbit coupling would align both A and A along the direction 
of net angular momentum with same magnitude. The global polarization signal may 
also arise due to coupling of hadronic dipole magnetic moment with magnetic field. 
Due to this effect, A would be aligned anti-parallel and A along the direction of 
magnetic field which is same as of net angular momentum. Thus, overall effect 
would be to induce a larger polarization for A than A baryons. Figure 10.4 shows 
the experimental results suggesting positive polarization at each energy for both A 
and A [14]. The experimental measurements are also not inconsistent with larger 
polarization of A than A but would require more data to quantify the difference. 


10.4 Future Perspectives: Beam Energy Scan-II 


The Beam Energy Scan-I has been a great success. It covers a large portion of QCD 
phase diagram to search for critical point, phase boundary, and first-order phase 
transition. The results indicated the disappearance of QGP signals at lower energies, 
hints of first-order phase transition, and hints of possible critical point. There are 
many more interesting trends observed at lower energies. These include observation 
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of difference between particle and anti-particle v2 at lower energies [7], different 
behavior of §2/¢ ratio as a function of pr at lower energies [15], almost constant 
behavior of (m; — m) for light hadrons as a function of collision energy [4], and 
non-monotonic behavior of third-harmonic azimuthal correlations as a function of 
collision energy [16]. 

However, most of the important results need higher statistics data to make conclu- 
sive statements. In view of this, RHIC has planned the BES-II which will consolidate 
the BES findings. The RHIC will collect high statistics data below 20GeV during 
2019-2020. From collider side, there will be improvement (about a factor of 6-7 
near 20GeV) in luminosity due to the use of electron cooling device and longer 
bunches. From experimental side, there will be upgrades of detectors to improve the 
important measurements by improving acceptances in momentum and rapidity. In 
addition, there is a plan in STAR to run the Fixed Target program (FXT) to extend 
the reach of the BES program up to 4g 700MeV [17]. 
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Chapter 11 Mm) 
Status of INO-ICAL Detector ectics 


Venktesh Singh 


Introduction 


The existence of non-zero neutrino masses has profound implications on various 
fields apart from being of fundamental interest to particle physics [1]. Although we 
know a few properties of neutrino, still large number of properties is unknown to us. 
The experimental field of neutrino is now moving into a phase where high precision 
experiments are needed to play a leading role [2]. INO is a major step in this direction. 
The Iron Calorimeter (ICAL) detector, which consists of a massive electromagnet 
(50 kt) having magnetic field of 1.3 T, with Resistive Plate Chambers (RPC) as active 
detector elements, expected to be placed inside a mountain at Pottipuram, Theni near 
Madurai in South India. INO Collaboration consists of nearly 100 scientists from 
23 research institutes and universities all over India [3]. It is one of the largest basic 
science projects in India in terms of work force. INO-ICAL detector with dimensions 
of 49m x 16m x 14.5m will consist of three modules of 16.2m x 16m x 14.5m 
each. The details of the INO-ICAL are mentioned in Ref. [3]. Two prototype detector 
stacks were built, first one at TIFR, Mumbai and still taking data since very long 
time and the second one is magnetized at VECC, Kolkata, which took data for a 
short time. A third prototype detector stack of 2m x 2m dimension glass RPC was 
recently built and is currently operational at IICHEP Madurai. This article focuses 
on the short over view of the INO-ICAL detector and basic tools of quality control. 


Status of ICAL Detector 


ICAL will consist of around 29,000 RPC detectors made of 1.95m x 1.91m x 0.024m 
glass/bakelite electrodes with a gas gap of 2mm. The performance and characteristics 
study in terms of various parameters of the RPC detectors have been done [4]. ICAL 
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Fig. 11.1 Schematic design 
of mini-ICAL 


Table 11.1 The mini-ICAL detector dissimilar physical parameter values with full ICAL are listed 


Parameter ICAL (Full | mini-ICAL | Parameter ICAL (Full mini-CAL 
scale) scale) 

No. of 03 OL No. of 08 02 

modules RPCs/Road/Layer 

Number of | 150 10 No. of 08 01 

layers Road/Layer/Module 

No. of RPC | 192 02 No. of RPC units 28,800 20 (74.5?) 

units/Layer (1,07,266 m7) 

Gap for RPC | 40mm 45mm No. of readout strips | 3,686,400 2560 

trays 


module calibration, electronics, data acquisition etc protocols are developed. Now, 
with a fixed target date, collaboration is building a mini-ICAL as shown in Fig. 11.1, 
with components identical to those to be used in the future ICAL at IICHEP in 
Madurai. The RPC detector and readout channels are tabulated in Table 11.1. In this 
context, more than 400 gas gaps of full dimension are under production at Saint 
Gobain in Chennai out of which ~ 150 have been produced. All the related processes 
are implemented by automatic systems. Slow control parameters needed to monitor 
the RPC detectors and their environmental conditions such as the leak test, ambient 
temperature and pressure measuring devices have been more advanced and precise. 
A few dielectric materials such as silicon fiber sheet, PVC foam with Aluminum 
foil lamination, etc have been selected for the readout panel and the final choice 
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is expected shortly. The performance and characteristic study of silicon fiber sheet 
based readout panel shows satisfactory results [5]. A magnetic field of 1.5T will be 
used to discriminate between neutrino and anti-neutrino interactions, giving ICAL the 
capability to determining the neutrino mass hierarchy. Magnet design and its param- 
eters have been tuned and finalized [6]. Required number/amount of soft iron plates 
has been procured. The design of the trigger scheme for the ICAL detector consists 
of a distributed and hierarchical architecture. The detector module is logically sub- 
divided into identical segments for the purpose of trigger generation. The segment 
dimensions are chosen considering the expected hit pattern of the events of interest, 
the associated trigger rates and the feasibility of implementation. The ICAL trigger 
system is finalized and all the boards are fabricated [7]. Related firmware devel- 
opment and programming are in progress. Tools related to simulation and events 
reconstruction have been developed and validated. The closed-loop gas-recycling 
system has been designed, developed and validated [8]. Almost all requirements for 
INO-ICAL seem to be ready and the remaining ones will be completed in due course 
of time, as final experiment will proceed. 


Development of Quality Control Tools 


Various automatic tools have been developed for the testing of different parame- 
ters of the ICAL. Collection of the quality data requires that each connection of 
signal transmission must be properly ensured and long lasting. However, soldering 
on aluminum surface is not easy. Therefore, application of the Ansol Aluminium 
soldering flux provides satisfactory results [9]. An automatic prototype continuity 
checking system based on the Operational Amplifier i.e. an amplifier with high gain 
and high input impedance used especially in circuits for performing mathematical 
operations on an input voltage, has been developed. Connectivity between copper 
strip and the aluminum sheet of the readout panel has to be checked before instal- 
lation. The connectivity scanning mechanism will scan/check all connection of the 
readout panel. A fast and accurate automatic connectivity scanning mechanism may 
affect the appraisal of the scientific results. Therefore, a detail study of the perfor- 
mance of upgraded version of the earlier system has been done [10]. Study of surface 
resistivity of the conductive paint coated glass electrode is equally important. How- 
ever, for testing the uniformity of the coating on the glass surface require automatic 
system. Currently such automatic system is available at I[T-Chennai, Saint Gobain 
(Chennai) and Banaras Hindu University (Varanasi). At BHU, the performance of 
prototype automatic system has been demonstrated and testing of full-scale (2.25m x 
2.25 m); system is under progress [11]. Such system is also useful for the calibration 
and efficiency study of the RPC detector using radioactive source. 

A need for suitable material, having fire proof/flame resistant, moisture proof, flex- 
ible, lightweight, cost effective, locally available and most importantly with proper 
impedance, may act as dielectric material in the readout panel, is necessary and impor- 
tant. Study on Silicon Fiber Sheet (SFS) has shown promising result [5]. Chemical 
and elemental composition of SFS has been done using X-ray florescence techniques 
[12]. Development of various other quality control tools is under way. 
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Summary and Outlook 


INO-ICAL collaboration has prepared all ingredients for the construction of the mini- 
ICAL at the transit campus of IICHEP in Madurai. RPC detector related research 
and development work is completed. However, R & D is a continuous process; it 
will mature, and be polished with time. Presently, two B = 0 prototype RPC detector 
stacks are operational, one using 1m x 1m RPCs at TIFR-Mumbai running since 
long time and the other using 2m x 2m RPCs operational at IICHEP in Madurai. 
The existing B = 0 IICHEP detector will continue to operate with the mini-ICAL. 
INO collaboration is progressing on various fronts such as study of various required 
minor modifications in electronics, magnet, DAQ, gas system etc. Meanwhile RPC 
production at Saint Gobain industry is progressing well. 
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Chapter 12 @) 
Search for Sterile Neutrino Signal cist 


in the “Be Solar Neutrino Measurement 
with KamLAND 


Ashish Sharma, Govind Singh, Gazal Sharma, Shankita Bhardwaj, 
Surender Verma and B. C. Chauhan 


12.1 Introduction 


The perspective of solar neutrino physics changed due to important and unprece- 
dented achievements of KamLAND [1] and Borexino [2]. The first experimental 
observation [3] of solar neutrinos gave rise to Solar Neutrino Problem (SNP). The 
Sudbury Neutrino Observatory (SNO) [4] and Super-Kamiokande (SK) [5] experi- 
ment confirmed that there are at least three types of active solar neutrino flavors. The 
flavor conversion between different active neutrinos does not change the total neu- 
trino fluxNeutrino flux observed by various experiments, unless some of the neutrinos 
are converting to the sterile ones. The conversion of active to sterile neutrino flavor 
is possible via Resonant Spin Flavor Precession (RSFP) [6] caused by interaction of 
solar neutrinos with transverse magnetic field of Sun through their magnetic moment 
on their propagation towards the surface. This conversion will be time dependent if 
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the magnetic field of Sun is varying with time. Thus a significant time modulation in 
the solar neutrino fluxNeutrino flux can be seen as the existence of sterile neutrinos. 

In this paper we worked on the existence of sterile neutrinos in relation to RSFP 
mechanism for the ‘Be solar neutrino measurement with KamLAND in the light of 
our model [7] and predictions done for ‘Be signal variation at KamLAND [8]. We 
re-investigate the time variation of solar magnetic field affect on the solar neutrino 
flux and presence of sterile neutrino signal thereof, in the KamLAND ‘Be solar 
neutrino data [9]. 


12.2 2+1 Model 


The model was built with the motivation to explain the certain experimental obser- 
vations which were not being explained by the accepted solution for SNP i.e. Large 
Mixing Angle (LMA) [10]. In the model two active neutrinos and one sterile neutrino 
flavor mix in mass eigenstates as [7, 11] 


Vs Ca Sy O Y% 
Ve = —Salo Caco So Vy : (12.1) 
Vy SqS9@ —CaSQ CO 12 


where @ and a denote the LMA vacuum mixing angle and vacuum-sterile mixing 
angle, respectively. We consider a = 0, so that active states y, and v,, communi- 
cate to the sterile neutrino through transition magnetic moment only. The matter 
Hamiltonian thus obtained is 


—Amiy 
HB H2B 
H, - a Am, (2 Am}, (2:3) 
MS MB ES + Ve 4E *20 ' : 
Am}, Am, 2 
MaBo er S20 aE co + Vu 


Here V, and V, are the matter induced potentials for active neutrinos 1, and v,,, 
respectively, and jz; and j12 are their transition magnetic moments to the sterile neu- 
trinos. We consider the magnetic field of sun to be concentrated around the bottom 
of convective zone to have strong time modulation effect on solar neutrinos [12]. 
As a consequence both processes LMA and RSFP occur separately at very differ- 
ent solar radii. An efficient conversion to sterile neutrino requires that the transition 
moment associated with this order of magnitude difference dominates over the other 
so we choose Ami, = O(10-8 eV’) and ji2 = 0. The neutrino survival probability 
(Pee) was calculated by assuming the propagation inside the sun to be purely adia- 
batic except in the region where adiabaticity parameter reaches its minimum. So the 
survival and conversion probabilities became 


12 Search for Sterile Neutrino Signal in the Be ... 61 


Pa = |)? Sec Po faci a (12.3) 
Poy = |(UpCt), ve)|? = sie? Pot cist; . (12.4) 


Subscript i refers to the mixing angle at production point. The Pc represent jump 
probability given by Landau Zener approximation 


Pc = exp (Fr) (12.5) 


where +, is the adiabaticity parameter given by ratio between the eigenvalues differ- 
ence and rate of mixing angle 


(12.6) 


Here Xo and A, are the mass matter eigenvalues corresponding to sterile neutrinos 
and solar v.. Our model predicts the clear time variational effect only in the low 
energy sector of solar neutrinos. For low energy solar neutrinos to have spin flavour 
precession resonating near the base of convective zone where the solar field is maxi- 
mum, we choose the magnitude of mass square difference between one of the active 
state and sterile state as of O(10~8 eV’). 


12.3 Result and Discussion 


The low energy threshold of KamLAND detector made it possible to measure the 
real time detection of ‘Be solar neutrinos. These neutrinos at KamLAND are detected 
through the electron elastic scattering process. The main problem with the Be solar 
neutrino detection at KamLAND was the low energy background due to Kr, Pb and 
external gamma rays which makes it hard to analyse the signal. There are several 
methods developed by the KamLAND collaborators for the effective removal of 
these backgrounds [13]. The visible electron kinetic energy spectrum is 


ly A sas 
Res = Qo / dT f(T ,T)$(E) | PcEySee + Pace) | (12.7) 


Here Qo is normalization factor, d(E) is ‘Be solar neutrinos flux observed by Kam- 
LAND corresponding to energy E. P(E) is the survival probability of v. , while 
P(E) is the production probability of v,, such that P|(E) + P(E) < 1. The term 
f(T, T) is the energy resolution function of the KamLAND detector in terms of 


. , . . d U 
physical (T ) and measured (7) electron kinetic energy. However oe and — are 


the differential scattering cross-section corresponding to the v, and v,, scattering, 
respectively. 
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The ‘Be solar neutrinos are monoenergetic and consist of single line spectrum, 
therefore by fixing the value of Am‘o, all the neutrinos will resonate exactly at same 
position and experience the same solar magnetic field. As such these neutrinos are 
blind to solar magnetic field profile and as a consequence the ‘Be solar neutrino 
signal in KamLAND are solar field profile independent. At present the knowledge 
regarding the Sun’s magnetic field is unknown. The KamLAND data taking phase 
for ‘Be solar neutrinos lies in the starting of current solar cycle (from April 2009 
to 2011 June) and the corresponding observation of solar magnetic field variation is 
given in [14] (Fig. 12.1). 
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Fig. 12.1 Depiction of magnetic field with sunspot number for solar cycle 24 taken from [14] 
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Fig. 12.3. Energy spectrum 1000 
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The KamLAND experiment determined the first direct spectroscopic value of ‘Be 
solar neutrino energy, EF, = 862 + 16keV and observed solar neutrino interaction 
rate, Rx, = 582 +94(ktd)~! which corresponds to Be solar neutrino flux Neutrino 
flux of (3.26 + 0.52) x 10?cm~? s~! with survival probability P,. = 0.66 + 0.15 
[9]. We use the KamLAND mixing parameters [1] consistent to explain the solar 
data and SNP and the value of neutrino magnetic moment p, = 2.9 x 1071! [15]. 

Figure 12.2 shows the background subtracted spectrum of KamLAND in the 
energy range of 0.4—1.4 MeV . The time modulation of the ‘Be solar neutrino spectrum 
with in the energy range 0.2—1.4 MeV shown in Fig. 12.3. 


12.4 Conclusion 


In conclusion, on re-investigation of our model predictions done for ‘Be solar neutrino 
of KamLAND, we found the flux variation and sterile neutrino signal thereof, are not 
conclusive. This is because the KamLAND data is not time binned and data available 
is not falling in the region of solar field peak as the solar activity during the exposure 
time was on the rising side of the current solar cycle (2014—2015). 
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Chapter 13 M®) 
A Model for Anisotropic Strange Stars a 


Debabrata Deb, Sourav Roy Chowdhury, Saibal Ray, 
Farook Rahaman and B. K. Guha 


13.1 Introduction 


The interior of the compact stars may have differential fluid pressures which are direc- 
tionally dependent. Ruderman [1] argued that the nuclear matter may have anisotropic 
features with very high density ranges (> 10!> gm/cm?), where the nuclear interaction 
must be treated relativistically. On the contrary, Bowers and Liang [2] investigated 
that anisotropy might have non-negligible effects on different physical parameters. 
However, one can note the recent literature regarding anisotropic matter distribution 
where several authors have considered anisotropy in connection to compact stars 
[3-7]. 

Our motivation in the present investigation is to construct a model for strange star 
by assuming that (i) the compact star is made up of anisotropic fluid, and (ii) the 
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MIT Bag model is applicable in this environment. We have studied several physical 
parameters, viz., the radius, redshift and anisotropy among which it can be observed 
that anisotropy is increasing with the radial coordinate inside the stellar system from 
zero at the center to it’s maximum at the surface for all the strange stars. 


13.2. The Einstein Field Equations and Their Solutions 


We consider the metric of the stellar system as follows 
ds? = —e’ dt? + dr? + (d0" + sin*0d¢"), (13.1) 


where the metric potentials v and . are functions of the radial coordinate r only. 
The energy-momentum tensor can be provided as 


T} = (p+ pr)uluy — prgh + (pr — pin, (13.2) 


where p, p, and p, of (13.2) represents the energy density, radial and tangential 
pressures respectively of the fluid sphere. 

According to the phenomenological MIT bag model, the EOS of strange matter 
can be written in a linear form 


1 
Pr = gh Bs); (13.3) 


where p, p, and B, are the energy density, the radial pressure and the bag constant 
respectively. 

Again, assuming that the matter within the spherical system follows the density 
profile proposed by Mak and Harko [8]: 


2 
p(r) = pe 1 7 (1 = 2) =| ; (13.4) 


where p, and fo are the central and surface densities respectively. 
Now, from the well known Einstein field equations one can find out expression 

for the anisotropy as 

[(12 crt — i cyesr2 + co) T— 3 c, R?]r? 
36R2[r? (2 cir? — poR*) 7 + 2 R?] 


A(r) = Pi — Pr = ; (13.5) 


we C1 = (pe — po), 5 = $ (156 pe — 84. p9) R®, 6 = (6 Pe — 3 po) (4 pe — 
po) R*. 
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Fig. 13.1 Variation of 
anisotropy as a function of 0.000025 4 
the radial coordinate r for 
the strange star LMC X — 4 
0.000020 5 
0.000015 4 
A 
0.000010 5 
0.000005 4 


Table 13.1 Physical parameters as derived from the proposed model for LMC X — 4 [9] 


Observed Predicted Redshift (Z) | A (0) (in A(R) (in A” (R) (in 
mass (in Ma) | radius (km) km7?) km7~?) km7?) 


13.3. Discussion and Conclusion 


Based on the present model for compact stars let us consider a particular candidate 
LMC X — 4 which is a representative of the strange stars. For this star, we have 
found out numerical values of the several physical parameters with the Bag constant 
83 MeV/(fm)*. The model yields the values of the maximum mass and maximum 
radius aS Mingy = 3.54Mo and Rinax = 11.811 km respectively. We also find that 
anisotropy is minimum at the center and maximum at the surface, which is clear 


from Fig. 13.1 as well as Table 13.1. 
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Chapter 14 Mm) 
Re-discovery of the SM Higgs Boson cro 
in Diphoton Channel at ./s = 13 TeV 

at CMS in LHC 


Arnab Purohit 


14.1 Introduction 


After almost half a centuary from Higgs boson’s theoretical developments, in July 
2012, in the two large particle detectors, ATLAS and CMS, of LHC, a new parti- 
cle whose properties are most consistent with Standard Model (SM) Higgs boson, 
with mass around 125 GeV, was announced to be discovered. In this report mass 
measurement of the Higgs boson in it’s diphoton decay channel, at the CMS detec- 
tor, is presented. The analysis [1] is based on 12.9fb~! of p-p collision data col- 
lected at center-of-mass energy of 13 TeV. The SM Higgs bosons are produced in the 
LHC environment primarily through gluon-gluon fusion (ggH), vector boson fusion 
(VBP), and associated production with a W or Z (VH) or ff pairs (ttH). The clean 
final state topology of the diphoton decay channel allows the mass of the Higgs boson 
to be reconstructed with high precision. However there is large background originat- 
ing from irreducible background processes producing two prompt 7 and reducible 
background processes producing one prompt photon and a neutral meson, where 
the meson is misidentified as a y and two misidentified neutral mesons, which are 
reconstructed as y. The Higgs boson decays into two photons primarily via either 
a top quark loop or a W boson loop. But the amplitudes of those modes interfere 
destructively resulting in a branching fraction of around 0.2% for a SM Higgs boson 
at 125 GeV. Despite the small branching fraction and the presence of a large dipho- 
ton continuum background, the diphoton decay mode provides an expected signal 
significance for the 125GeV SM Higgs boson that is one of the highest among all 
the decay modes. 
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14.2 Analysis Strategy 


A multivariate likelihood regression technique is used to correct individual photons 
energies and provide an estimate of the per-photon energy resolution. In order to 
select the primary vertex from those of other interactions in the same bunch crossing 
a boosted decision tree (BDT) is deployed. An additional BDT is trained to know 
the probability that the vertex choice was correct. A Boosted Decision Tree (BDT) is 
trained to distinguish prompt photons from non-prompt photons. Figure 14.1 shows 
the BDT output of the photon ID. 

To achieve the best performance, after the selection of the diphoton system, the 
events are categorized in eight mutually exclusive classes depending on the produc- 
tion modes and the different signal over background ratio. Figure 14.2 shows the 
distribution of the diphoton MVA output for simulated events (stacked histograms) 
and data (black dots). The variable is built to have a flat distribution on signal events 
(red shades histograms). The vertical dashed lines show the boundaries for the def- 
inition of the four Untagged categories. Several systematic uncertainties have been 
evaluated: the scale and resolution for the photon’s energy, photon identification 
(preselection and BDT), vertex finding efficiency, trigger efficiency, theoretical pro- 
duction cross sections and uncertainty due to the additional objects in the exclusive 
categories (jet, leptons and missing energy). Parametric models are built both for 
signal and background components in order to perform the signal extraction in the 
different categories. Extraction of the signal model is done from simulation, using 
a sum of gaussian functions to describe the different components contributing to 
the diphoton invariant mass. The model is fit to several Higgs mass hypotheses in a 
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Fig. 14.2 Diphoton MVA CMS Preliminary 12.9 fb' (13TeV) 
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mass range between 120 and 130GeV. The extraction of the background model is 
completely data driven. The choice of the functional form for the description of the 
background diphoton mass distribution in each category is treated as a discrete nui- 
sance parameter floating over an initial set of possible functional forms. The analysis 
technique is described in detail in [1]. 
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Fig. 14.4 p value [1] 


14.3 Results 


Figure 14.3 shows the invariant mass weighted for their signal to signal-plus- 
background ratio of the diphoton system for all the events selected by the different 
categories. The lower plot shows the excess of events due to the presence of the 
Higgs boson, after the subtraction of the background. The solid red line shows the 
signal-plus-background fit, while the dashed red line indicates the background com- 
ponent of the fit. Figure 14.4 shows the local p-value observed in data (solid black 
line), expected local p-value for a Higgs boson with a mass of 125.09GeV (blue 
dashed line) and minimum expected local p-value as function of the mass hypothesis 
of the Higgs boson (red dashed line). The maximum observed significance is 6.la 
with a best fit at mass 126.0 GeV, with a signal strength relative to standard model 
of 0.95 + 0.20 = 0.95 + 0.17 (stat)*}:69 (syst) 70:58 (theo). 
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Chapter 15 M®) 
Neutrino Phenomenology Within Inverse 
and Type II Seesaw Based on Sq Flavor 
Symmetry 


Ananya Mukherjee and Mrinal Kumar Das 


15.1 Introduction 


Neutrinos have been shown to have tiny but nonzero mass by several neutrino oscil- 
lation experiments which remain massless in the SM. To explain the origin of tiny 
neutrino mass various BSM frameworks have already been there in the literature. At 
the same time some recent neutrino oscillation experiments T2K, RENO have also 
predicted non-zero value of reactor mixing angle. Here we present a TeV scale seesaw 
mechanism, the well known ISS [1] which offers the explanation for tiny neutrino 
mass at the cost of proposing the right handed neutrino mass at a scale much lower 
than that involved in the canonical seesaw. The leading order ISS neutrino mass is 
accompanied by type II seesaw to produce non-zero 13 [2]. Non Abelian discrete 
symmetries have shown a promising role in explaining the origin of neutrino mass 
since long [3]. We present both of the seesaw mechanism within the framework of $4 
flavor symmetry. Z2 symmetry helped us to construct the desired Yukawa coupling 
matrices from which we obtain various mass matrices of ISS and type II seesaw. We 
have extended the SM scalar sector by the inclusion of extra flavons whose charge 
assignments are given in Table 15.1. The Dirac Yukawa coupling is shown to play 
a crucial role in achieving the neutrino oscillation parameters within the correct 3a 
range. The type II perturbation generates the non vanishing reactor mixing angle 
breaking the js — 7 symmetric nature of light neutrino mass matrix obtained from 
ISS. We fit the model parameters with the help of recent neutrino oscillation data 
[4]. The Yukawa coupling is varied from 0.998 — | to see whether the oscillation 
parameters fall within the correct 30 or not. Standard and new physics contribu- 
tion to effective mass prediction have been calculated. The model also shows some 
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Table 15.1 Fields and their transformation properties under various symmetry group 


L VR lR h n S Pr ¢ & A 
SU(2)z 2 1 1 2 2 1 1 1 1 3 
S4 3) 3) 3) 1, 3) 31 1, 3) 2 1 
Zo t t t 
Z3 ur 3) 1 1 1 1 wr Ww 
U())L -1 1 1 0 0 —-1 |0 0 0 0 


correlations in obtaining the branching ratio governing LFV decays like j1 + 3e and 
ju — ey. The Yukawa Lagrangian for the particle content of the presented model 
reads, 

A A 
aes 


L = ypLven + yp Lvgh + yrupS®r + ysSS®, + ALL 
(15.1) 


S4 product rules allow us to have the ISS and type II seesaw mass matrices as follows 


v, 0 0 100 100 
mp=y| Ou» |,u=y,] O10 ]u,,M=yr] O10 | ve. (15.2) 
O Up Un 001 001 


with the vev alignments (®r) = vr , (Ps) = vs , (A) = vp, (7) = vy, C1, 0,0), A ~ 
va, (C) ~ J2ve(1, 0), (€) ~ ve(O, 1, —1). ¢ and € are assumed to take the VEV in 
the same scale vg = ve = A. Since, the charged lepton mass matrix is nondiagonal, 
U,, is chosen in a basis, where charged lepton is diagonal, which implies U, > 
Urgm = U} U,. The ISS mass matrix and type II seesaw mass matrix are given by, 


vz 0 0 0 -w w 
Ys U 
ORD Oup+ur 2u,u, |,mi=]—w w 0 |. 53) 
RENO 2unvy) uz t+ v? w 0 -w 


15.2. Summery and Conclusion 


It is worth mentioning that, the chosen Yukawa coupling range, which gives proper 
neutrino phenomenology also evinces Sin7613 in agreement with experimental data. 
For the type II perturbation strength from 0.004295 to 0.005402 eV Sin763 falls 
around 0.017—0.0259 in case of Normal Hierarchy and in case of Inverted Hier- 
archy for type II strength from 0.00057 to 0.000681 eV we get Sin*6,3 around 
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0.017-0.0259. Figure 15.1 shows that the oscillation parameters are within the frame 
for Normal Hierarchy framework while taking into consideration the lower bound 
of 30 deviation only. The proposed model also shows evidences for correct neutrino 
phenomenology using the best fit and lower 30 bound in case of Inverted Hierarchy 
mass pattern. Both the standard and new physics contribution to Ov decay are 
obtained in the vicinity of experimental results. Figure 15.2. The model forecast for 
effective mass prediction fall within the GERDA bound. The model prediction for 
B rales is found to be <10~!? and for Lhd is 10~'°-10~!2. The presented model 
may give some notions in finding Baryon Asymmetry of the Universe through the 
process of a TeV scale leptogenesis which is natural in the proposed Inverse seesaw 
model. 
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Chapter 16 ®) 
Twist-Six Corrections to 77y and 7) 7 aaa 
Transition Form Factors in QCD 


Janardan P. Singh and Shesha D. Patel 


16.1 Introduction 


The hard exclusive processes involving light mesons (77, 17 , 7°) can be described using 
the factorization, in the sense of convolution, of the short and long distance dynamics. 
The short-distance part is process dependent and calculable perturbatively as parton- 
level subprocess amplitude in which the mesons are replaced by their valance Fock 
components. The long-distance part is described by process-independent meson dis- 
tribution amplitudes (DAs). The electromagnetic transition form factors (TFFs) of 
light pseudo scalar mesons are important ingredients to understand their structure. 
The aim of theoretical investigations is to explain the experimental data within the 
framework of QCD using factorization. The leading hard contribution to TFF starts 
at tree-level itself. For large photon virtualities,the full expression can be expanded 
as a sum of contributions of increasing twist: 


F(q’, q — p))yy3P = Tau, Q?, ur) ® OU, pe) (16.1) 


Here j1¢ represents the boundary between low and high energy parts. 7 and 7 mesons 
posses SU (3) ¢ singlet and octet valance Fock components and also two gluons. There 
is a DA corresponding to each of these three components. This feature leads to the 
flavor mixing for 7 and 7 system, and to mixing of singlet quark and gluon distri- 
bution amplitudes under evolution. One of the key objectives of analysis of TFF of 
mesons is to model the meson DAs and, in the n—n case, to extract information about 
their gluon contents. The gluonic parts of the 77) meson DAs, deduced from the 
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ny,  y data, are important ingredients in studying a wide range of exclusive pro- 
cesses, such as B meson two body non-leptonic exclusive and semi-inclusive decays 
involving 7-7’ mesons. The form factors describing the mesons (1-1 ) transition in 
two (in general virtual) photons are defined as, 


i 1 d*xe—'™ < P(p)|T jo" (x) jo" (0)|0 >= C ewpaq’ pF (q", (q — p)”) (16.2) 


Ho" (x) = eyit x) Yue) + ead (x) Yd (2) + eS) SCH) +°++ (16.3) 
< 0|J/5(0)|P(p) >= ifppyi = 1,8; P= 1,17) (16.4) 


Measurements of the electromagnetic TFFs of y*7y > 7 and y*y > 7) at space- 
like momentum transfers in the interval 4-40 GeV? [1] and at very large time-like 
momentum transfer 112 GeV? [2] by the BaBar collaboration have opened the ques- 
tion of the role of higher order power corrections coming from higher twist contri- 
butions on the one hand, and from finite quark and meson masses on the other hand. 
These measurements and their comparison to the space-like data for 7*y — 7° FF 
in the similar range by BaBar and Belle collaborations [3, 4] have started debate on 
whether hard exclusive hadronic reactions are under theoretical control [5, 6]. 

The 1y and 7 y TFFs have been analyzed to leading-twist, twist-two accuracy 
and next-to-leading order (NLO) accuracy in [5, 6]. In [6], twist -four contribution 
has also been calculated. However, considerable difference between the data point 
and the calculated result for y*y — 7 for large momenta has been found [5]. In view 
of this discrepancy,we have embarked upon the calculation of twist-six correction to 
TFF for y*y — 77 in this work. This requires taking into account finite meson-mass 
as well as finite quark-mass. 


16.2 The Method and Results 


The light cone distribution amplitude (DAs) gives the momentum fraction distribution 
of valance quarks of a meson. The twist-two two-quark DAs 5, poP= 7 meson 
are defined as 


< O(2)Cigyslz, —z1b(—z)|P(p) >= ipzfi i due!@"—YP-4! yu) (16.5) 


where z,, is the light like vector, [z, —z] is the path ordered gauge connection and u 
is the momentum fraction of a valance quark, C, = 1/./3 and Cg = \8//2. DAs of 
7 are expanded in terms of Gegenbauer polynomials: 


o, p(u, ur) = 6u(1 — u) [ + 0 apg (uryC?? (Qu — »| (16.6) 


n=2,4,. 
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Fig. 16.1 Plots of 0? F(Q?) 
for a typical set of 
parameters from second 
reference of [6] (broken 
curve) and our results on 
twist-six corrections added 
to the result from this set of 
parameters (solid curve) 


Q?F[Q"] [GeV] 


Q’[Gev?] 


The gluonic twist-2 DA $3 » of P = 7 mesons are defined as, 


1 Py? C | jab 1 - op! Uu 
< 0|A4(z)A3(—z)|P(p) >= ou Cre / giupz P2,pW) 
0 


4 eee pz J/3 8 u(1 — uw) 
(16.7) 
®§ (uy =w(l—u)? (> bY p(up)C{, Qu — 1) (16.8) 


i 


As done by several authors, we are going to truncate the series at n = 2 in the 
present analysis. Hence the coefficients can be viewed as effective parameters. Our 
theoretical calculations involve IR regularization through dynamical gluon mass and 
through p-meson mass using vector-meson dominance hypothesis (since it arises due 
to on-shell photon). Evolution of parameters has not been considered yet. A similar 
analysis can be done for 7 meson. 

Parameters used: m, = 3.5MeV,m, = 100 MeV, f,3 = 161 MeV, f,1 = 20 MeV, 
a», = 0.045, A>» = —0.12, b3 = 5.8, A, = 400 MeV, a, = 0.45 (Fig. 16.1). 

In summary, twist-six corrections can make the theoretical results fit the data 
better. 
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Chapter 17 ®) 
Recent Underlying Event Measurements sci 


at ./s = 13 TeV 


Rajat Gupta 


17.1 Introduction 


A measurement of the UE activity at a centre-of-mass energy of 13 TeV is presented 
using events with a Z-boson decaying into wt~ [1]. The Z-boson production is 
experimentally clean and theoretically well understood, allowing a clear identifica- 
tion of the UE activity. The UE measurement with Z-boson events is complementary 
to measurements with leading jet and leading track, which will corroborate the uni- 
versality of the UE. Another advantage of using Z-boson events is the possibility of 
partial separation of MPI from the radiation contribution [2, 3], which can further 
improve the optimization of model parameters. 

The analysis is performed with a data sample of pp collisions corresponding to 
an integrated luminosity of 2.1 fo! at a centre-of-mass energy of 13 TeV, collected 
using the CMS detector at the LHC [4]. Events are triggered with the requirement 
of at least two isolated muon candidates with pr > 17 and 8 GeV/c for leading and 
subleading muons respectively. 

The offline selection criteria requires each event to have at least one well recon- 
structed primary vertex. A recommended tight muon selection is used for selecting 
the muons, which are required to have a pr larger than 20 and 10 GeV/c respectively, 
to match the trigger selection. Both muons are required to lie within the pseudorapid- 
ity (y) range of |n| < 2.4. They are further required to be associated with the primary 
vertex that has the largest value of pr squared sum of the associated tracks, desig- 
nated as the signal vertex. The events with two oppositely charged muons are further 
required to have an invariant mass (M,,,,) in the window of 81-101 GeV/c’. After all 
the selections, there are about 1.3 million Z candidate events in the data, which is in 
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Table 17.1 Summary of the Observable Uncertainty (%) 
systematic uncertainties in the 
particle and X'pr density [1] Model dependency 25 
Tracking efficiency 4-6 
Pileup 0.5 
Trigger 0.1 
Physics background 0.5-1 
Rochester momentum correction 0.40.7 


agreement with simulated samples within 1-2%. Selected events have background 
contributions, mainly from top-quark and diboson decays, of about 0.3%. 

In the selected Z-boson events, all the tracks with pr > 0.5 GeV/c and |n| < 2 
are considered for the UE measurements. The track selection efficiencies for data 
and simulated samples agree within 4—5%. These tracks are used to construct UE 
observables, namely the particle density and 2p; density, which are calculated and 
defined as follows. 

The UE activity is quantified in terms of the total number of charged particles 
(particle density) and the scalar sum of their pr (2’pr density). These observables 
are calculated in different phase-space regions defined with respect to the resul- 
tant azimuthal direction of the two selected muons. These regions are classified as 
towards region (|Ag| < 60°), transverse region (60° < |A@| < 120°), and away 
region (|A@| > 120°). The UE observables measured in different regions are studied 
as a function of pr of the dimuon system (p*-"). 

For the comparison with predictions from different simulations and tuning of 
model parameters, the UE distributions are corrected to the stable charged particle 
level using the iterative D’ Agostini method [5], which properly considers the bin-to- 
bin migrations. At particle level, muons and charged particles are required to have 
the same kinematic selections as at the detector level. The 4-dimensional response 
matrix is constructed using MADGRAPH + PYTHIA8 events, and is used to unfold the 
detector level distributions. The unfolded measured distributions can get biased due 
to the selection criteria and simulated samples used for the unfolding. Table 17.1 
summarizes the dominant systematic uncertainties in the particle and Xp, density. 


17.2. Results and Discussions 


The unfolded distributions of the UE activity as a function of p‘- are compared 


with predictions from various simulations. In order to understand the MPI evolution 
with centre-of-mass energies, measurements are also compared with previous results 
from the Tevatron and LHC. 

Figure 17.1 shows the UE activity as a function of p>” at the centre-of-mass 
energy of 1.96, 7, and 13 TeV. The predictions of the POWHEG event generator with 
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Fig. 17.1. Comparison of UE activity measured at ./s = 13 TeV with the measurements at 7 
and 1.96 TeV, by the CMS and CDF experiments, for particle density in the transverse region as a 
function of pr [1]. The measured data distributions are also compared with predictions of POWHEG 
+ PYTHIA8 and POWHEG + HERWIG++. The bottom panel of each plot reports the ratios of model 
predictions to the measurements. The error band in the bottom panel represents the statistical and 
systematic uncertainties added in quadrature 


PYTHIA8, as well as with HERWIG+-+, are also shown. The ratios of simulations to the 
measurements are shown in the bottom panel of each plot. The POWHEG + PYTHIA8 
predictions describe the measurements within 10% at centre-of mass energies of 1.96 
and 7 TeV, and within 5% at 13 TeV. The combination of POWHEG and HERWIG+-+ 
describes the measurements within 10-15%, 10-20%, and 20-40% at a centre-of- 
mass energy of 13 TeV, 7 TeV, and 1.96 TeV respectively. 
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Fig. 17.2, ‘pr density, with pp(p) > Z+X op Ww +X 
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To quantify the energy dependence of the UE activity, events with a p/-" smaller 
than 5 GeV/c are considered. An upper cut on p?-“' reduces the radiation contribution 
and the resulting UE activity is mainly from MPI. With a requirement of p> < 5 
GeV/c, the UE activity is similar in the towards and transverse regions. Therefore, 
the UE activity is combined in these two regions. Figure 17.2 shows the UE activity, 
after an upper cut of 5 GeV/c on p*”, as a function of the centre-of-mass energy for 
data and the simulated samples. The predictions from POWHEG + PYTHIA8, without 
MPI, are also shown. It is clear from the comparison of the distributions, with and 
without MPI, that there is very small contribution from radiation, which increases 
very slowly with centre-of-mass energy. There is a logarithmic increase in UE activity 
with centre-of-mass energy which is well reproduced, qualitatively, by POWHEG. The 
energy evolution is better described by POWHEG events hadronized with PYTHIA8, 
whereas hadronization with HERWIG++ overestimates the UE activity at all energies. 


17.3. Summary 


A measurement of the UE activity using inclusive Z-boson events at a centre-of-mass 
energy of 13 TeV is presented. Analyzed data corresponds to an integrated luminos- 
ity of 2.1 fo~!. The UE activity, quantified in terms of particle and pr densities, is 
measured as a function of the resultant pr of the two muons coming from the decay 
of the Z-boson. The distributions are corrected for detector effects and compared 
with various predictions. It is observed that MADGRAPH and POWHEG, hadronized 
with PYTHIA8 and CUET8PMI tune, describe the measurements within 5%. The 
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combination of POWHEG + HERWIG++ with tune EESC, overestimates the measure- 
ments by 10-15%. The results obtained at 13 TeV are also compared with previous 
measurements at 1.96 and 7 TeV. The VE activity almost doubles, with logarithmic 
increase, as the collision energy increases from 1.96 to 13 TeV. Simulations nicely 
describe the increase in UE activity as the collision energy increases from 7 to 13 
TeV but they underestimate the UE evolution from 1.96 to 7 TeV. Thus there is scope 
of further improvements in the UE modeling, especially in the energy dependence. 
The present measurement, in combination with previous results, will be important 
for the further optimization of the model parameters in various simulations. 
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Chapter 18 Mm) 
Pion Mass Modification in Presence ly 
of External Magnetic Field 


S. P. Adhya, M. Mandal, S. Biswas and P. K. Roy 


18.1 Introduction 


The modifications due to the magnetic field on various theoretical estimates in heavy 
ion collisions as well as neutron star have drawn significant attention in recent years 
[1-4]. As for example, in heavy ion collisions for off central collisions, magnetic 
field can be ~0.02 GeV? (at RHIC) and ~0.3 GeV’ (at LHC). On the other hand, 
field strengths of ~10!5 Gauss can be found in some neutron stars. Thus, it will be 
worthwhile to calculate the mass modification of pions in such scenarios because of 
the comparable mass and field strengths. For our purpose, we use the Schwinger’s 
proper time approach for calculation of the magnetic field modified Fermionic prop- 
agators [5]. A consistent calculation of the pion self energy has been presented for 
both the pseudo-scalar and pseudo-vector coupling of the pion-nucleon Lagrangian. 
However, we present the results in absence of any medium. The modification of the 
dispersion relations in presence of the medium and magnetic field will be reported 
shortly. 
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18.2. Formalism 


The pion-nucleon phenomenological Lagrangian is written as, 


Les = = ~ig,V75(9- ®,)V (pseudo — scalar coupling) (18.1) 


civ = fy v W950, (9. BL) WV’ (pseudo — vector coupling) (18.2) 


where LPS and CLPY are the Lagrangians corresponding pseudo-scalar and pseudo- 
vector couplings respectively. In the above equation, (WY, Y’) and (®, ®’) are the 
nucleon and pion fields with the coupling constants g, and f, accordingly. Therefore, 


the pion self energy at one loop order is given as, 


d*k 
IT,(q) = -i f mt TED SaGHED (gH So(k + q)l (18.3) 


We consider the weak field approximation of the magnetic field on the propaga- 
tors according to the condition (eB << m) .Thus up to order (eB )?, the Fermion 
propagators can be written as [6], 


S(k) = S (&) + eB SOK) + (eBY SK) + O((eB)’) (18.4) 


The form of S“(k) and §®(k) can be found in the [6]. Thus, using the modified 
propagator, we arrive at [6], 


T(qy?s = — £5, if dx - = Myo) (1 — 2) (en? — 3g? — 2)) 
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(18.5) 
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where Ar = m’, — q’x(1 — x). Similarly, T7,+(q)?%, H,0(q)?” and T,+(q)? can 
be derived likewise (for detailed discussion please refer to [6]). Finally, defining the 
effective pion masses by the positions of the pole of the propagator, 


m*? = m2 + Re IT(m**, q = 0, B), (18.6) 


we calculate the variation of the mass with respect to the weak magnetic field. 


18.3 Results 


We present the variation of charged and uncharged pion masses with respect to 
the strength of the external magnetic field (according to the condition (eB) < m2 
for the weak field regime). For our case, we show the results considering both the 
pseudo-scalarand pseudo-vector interaction of the 7 — N Lagrangian in Figs. 18.1 
and 18.2 respectively. We observed that the effective pion mass decreases for the PS 
interaction, whereas there is a slight increase for the PV interaction. 


(a) Pp n (b) n,p 
qn? 7? nl! n! qh qh 
Ore en Oster ---P-- -e-- 
Pp nm p,n 


Fig. 18.1 a represents the one-loop self-energy diagram for 7° and b represents the same for 7* 
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Fig. 18.2 Effective pion mass as a function of the magnetic field for PS and PV coupling 
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18.4 Summary and Discussions 


The motivation of the present work has been to analyse the contribution of the weak 
magnetic field on the pion mass. We have introduced the weak magnetic field correc- 
tion at one loop order through Schwinger’s proper time method in the pion-nucleon 
Lagrangian. Our results show correction at (eB)? order for the field effects on the 
pion mass over the vacuum results. Finally, we have observed that the pion mass 
decreases for the PS coupling, whereas for the PV coupling, there is a marginal 
enhancement in mass for both the charged and uncharged pions [6]. The mass mod- 
ification in medium due to magnetic field in realistic scenarios like neutron star or 
heavy ion collisions will be reported shortly. 
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Chapter 19 

Can Stopped Cosmic Muons Be Used 
to Estimate the Magnetic Field in the 
Prototype ICAL Detector? 


Neha, G. Majumder, B. Satyanarayana, E. Pathaleswar 
and V. M. Datar 


19.1 Introduction 


® 


Check for 
updates 


The ICAL detector consists of alternate layers of 56 mm thick soft iron plates with 
40mm gaps housing Resistive Plate Chamber (RPC) providing lateral position and 
fast timing information. Iron is the neutrino target material and is also an integral 
part of an electromagnet. Measuring the magnetic field seen by a passing muon in 
the iron plate is still an open problem. The Muon Spin Rotation (j44SR) technique 
using stopped cosmic muons is one possibility of addressing this problem. Towards 
this end we have used the cosmic muon stack of 12 nos. of 1 m x 1 m glass RPCs 
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19.2. Muon Spin Rotation at ICAL 


ASR is a standard condensed matter technique to study the internal magnetic field in 
small samples using secondary beams of polarized muons [1]. Parity violation in the 
m —> w+ v decay together with the steep energy dependence of cosmic pion energy 
spectrum [2] is responsible for partial longitudinal polarization of the muon [3]. The 
precession of jz-spin with B modifies the angular distribution of the decay e~. The 
time spectra in the detectors above and below the magnetized iron are expected to 
show an oscillatory behavior superimposed on an exponential decay. The oscillations 
will have a 180° relative phase difference, and an oscillation frequency proportional 
to B. The asymmetry factor given as 2A = (N7 — Ng)/(N7 + Ng), where Nr (Nz) 
are the counts in top (bottom) detector. 


19.3. Small Scintillator Set-Up 


As a first step towards this goal we tried to measure the asymmetry in the counts 
of the top and bottom detector. A stack of 5 scintillators (0.96 x 0.32 x 0.01 m?) 
sandwiching an Iron plate (0.9 x 0.4 x 0.02 m?), as shown in Fig. 19.1, has been set 
up. If a yw passing through the stack stops in the Iron plate then the decay e~ could be 
detected in the top or bottom scintillator after a certain delay (~2\s). The trigger was 
generated by A - B- C - D and the time differences between (a) trigger and delayed 
co-incidence of B - C, (b) trigger and delayed co-incidence of D - E were analyzed 
and the histogram plots are shown in Fig. 19.2, left and right respectively. The time 
spectra were fit to N = Aexp(—t/t) + C. For top(bottom) scintillator, the measured 
lifetime (tT) is 1.9 + 0.2(2.2 + 0.2) ts which, within errors, is consistent with known 
value of lifetime. The measurement of decay asymmetry is under investigation. 


Fig. 19.1 Stack of 5 scintillators (Left) and electronics block diagram (Right) 
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Fig. 19.2 Time distribution of top (Left) and bottom (Right) scintillators 


19.4 Feasibility of Using RPCs for the ~SR measurement 
using the TIFR 1 m x 1m RPC stack 


An Iron plate (1 m x 1 m x 0.02 m) was placed between the 2nd and 3rd layers in 
RPC stack of 12 layers at TIFR, as shown in Fig. 19.3. To check the feasibility of 
the experiment, a GEANT4 based simulation was performed by incorporating the 
full detector geometry of RPC stack. The detection efficiency of jz-decay is 31 and 
16%, for 2 and 4cm thick Iron plate respectively. In the experiment, the trigger was 
generated by (L6- L5- L4) which ensures that the jz has passed through L3. For 
L2(L3), the measured lifetime is 2.09 + 0.18(0.148 + 0.007) jus. The measured ju 
lifetime is in good agreement with the known value for layer 2 but not for layer 3. 
This is due to the fact that the passage of a muon induces an avalanche in the RPC 
and reduces the electric field locally, making it “dead”, for few ms. However, in the 
case of magnetized iron the B-field can be extracted from the time spectra of detector 
below the Iron plate. The magnetic field measurements using ~SR technique will be 
carried out at a proposed prototype ICAL detector (4m x 4m x 1.2 m) consisting 
of 10 layers of RPCs and 11 layers of Iron plates magnetized by current carrying 
coils (Fig. 19.4). 


Fig. 19.3 Schematic Layer 11 
diagram of the experimental %s s 
setup 
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Fig. 19.4 Time distribution of layer 2 (Left) and layer 3 (Right) 
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Chapter 20 M®) 
Techniques to Improve Time Resolution sheet 
of Large Area RPCs 


A. D. Bhatt, V. M. Datar, G. Majumder, N. K. Mondal, Pathaleswar 
and B. Satyanarayana 


20.1 Introduction 


The overall time resolution of the RPC chambers [1, 2] was estimated to be about 
1.5ns. The principal aim of the present work is to develop an offline calibration 
procedure using which time resolution of large area single gap RPC can be improved. 
The technique developed here will be used for ICAL detector to improve the time 
resolution of the RPCs which in turn will improve its capability to identify the 
up/down going muons. 


20.2 Experimental Setup and Data Analysis 


The detector setup and DAQ has been described in detail in [3, 4]. Event data consist 
of two informations: (i) cosmic ray muon hits per layer and (ii) the corresponding 
time of arrival. Hit information is used to get the angular distribution of muons 
and is described in detail in [3]. A preliminary analysis of time of arrival was also 
performed and a time resolution of 1.3 + 0.2 ns was achieved [4]. In the present work, 
first the TDC time (which used leading edge threshold discriminator) is corrected 
for electronic offsets as explained in G. Majumder et al. [4]. 

In Fig. 20.1a, b, the efficiency maps for a typical large area RPC are shown. The 
efficiency plots have 32 x 32 pixels, where each pixel has an area of 3 x 3cm?, given 
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Fig. 20.1 a, b Efficiency for muon detection, and c, d average time delay of muon signal in the Ist 
RPC layer, for strips in the X-plane (a, c) and Y-plane (b, d). (Left two) Time resolution in layer-1 
and (right two) measurement of muon direction with and without pixel-wise time offset correction. 
e, g Time resolution for the X and Y-plane in layer-1 before the pixelwise offset correction and f, h 
after the offset correction. Here, o is the gaussian fitted standard deviation and o¢o,; is o corrected 
for the extrapolation error 


the width of pickup strips. The first feature observed in the efficiency plot shown in 
Fig. 20. 1a, b is that the efficiency map is similar in the X- and Y-planes of the RPC. 
Also, it can seen that there is a non-uniformity of efficiency and inefficiency in a 
large region near the corners. The main source for this position dependence of signal 
efficiency is the nonuniform thicknesses of glass electrodes and gas gap spacers. The 
thickness of glass used for RPC fabrication is 3.1 0.1mm, where as the thickness 
of spacers is 2.0+0.2mm, which results in variation in the gas gap affecting the 
electric field and consequently the gas gain of the RPC. This is indicated in the 
observed efficiency maps in Fig. 20. 1a, b. It is difficult to improve the tolerance in 
glass thickness, as commercially produced glasses are used for the RPC fabrication. 


Figure 20. 1c, d shows the average time delay of the avalanche signal in the X- and 
Y-planes with respect to the expected time in that layer. There is a perfect correlation 
between the inefficient regions in Fig. 20.la, b, and the time delay in Fig. 20. Ic, d. 
This shows that there is a variation in time delay, due to the variation of the gain 
in different regions of the RPC. This is very prominent in the regions with lower 
efficiency. The lower efficiency in a region implies that the average gain is less, 
which results as a delay in the measured time. Also, in regions with nearly 100% 
efficiency, a small variation in the time delay is observed. 


20.3 Position Dependent Time Offset Correction 


The average time delay between the strip charge induction to the front-end electron- 
ics input varies with the position of the particle interaction in the RPC and more 
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specifically with the position of the signal pickup strip with respect to the front-end 
electronics. Here, the time measurement itself is used to make this offset correction. 
The average time delay is measured in 32 x 32 pixels for both X- and Y-plane of the 
RPC. For each layer, the time is corrected using the offset corrections of the nearby 
four pixels. 


20.4 Results 


The measured time resolution for one of the RPCs in the detector stack is shown 
in Fig.20.le, g without any pixel-wise offset correction and in Fig.20.1f, h after 
applying position dependent offset corrections. A substantial improvement can be 
observed in the time measurements after using the corrections. 


20.5 Conclusion 


The position dependent gain of a RPC has been identified as the principal factor 
affecting its intrinsic time resolution. A technique of offline correction to improve 
the time measurement has been discussed and applied to a stack detector for a cosmic 
ray data sample. After correcting for this along with correction for time of flight of 
the signal in strips as well as for the delay in the electronic chains, most of the 
RPCs show a time resolution better than Ins in any part of the detector. For INO 
experiment, all RPCs need be calibrated in a setup at surface, because muon flux in 
INO cavern will be very low, will not have sufficient statistics for this calibration. 
This technique can also be applied in a test beam setup. 
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Chapter 21 @) 
Graviton Portal to Dark Matter ectics 
in Universal Extra Dimensions 


Mathew Thomas Arun and Divya Sachdeva 


Introduction: Though the minimal Universal Extra Dimension scenario (UED) is 
well known to be phenomenologically less stringent (from flavour and electro-weak 
precision measurements), over their warped counterparts, the stability and Higgs 
mass hierarchy remain unanswered. The UED scenario is, also, known to posses 
a natural Dark Matter (DM) candidate, unlike minimal warped scenarios. Hence, 
various search strategies were envisaged at LHC. And, the current experiments rule 
out a compactification mass scale of below 1150 GeV [1]. 

Another constraint for UED comes from the dark matter relic density. For a 
compactification scale above 1400 GeV [2], the dark matter density become larger 
than the observed amount S24, ~ 0.119 [3]. This is because of the fact that lightest 
KK particle is absolutely stable and there are not enough channels through which they 
could annihilate. Since LHC has already put a lower bound for the compactification 
scale very close to this scale and in the next few years, with more data coming, the 
minimal UED scenario will get highly disfavored. 

In the light of these new developments, we discuss a new model [4] in which 
such Universal Extra Dimension models could naturally emerge in a six dimensional 
double warped scenario ona S'/Z, ® S'/Z orbifolded 6D manifold with vanishing 
5-dimensional induced cosmological constant. The line element for this space time 
is given as, 


k 
r:Me , 


ds? ~ e&0s-™ (Mudxdx + R?dx3) + re dis ,€= 


where k is the warping along x5 and Mg the six-dimensional Planck scale. 
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The presence of warped dimension provides the electro weak mass hierarchy 
required by the Standard Model starting from a Planck scale Higgs mass, and also 
the stability to the bulk moduli. Unlike a Minimal UED, here the graviton couplings 
are substantial and will introduce new processes involving the 5-dimensional brane 
localized Standard Model particles. 

In this work we will show that the introduction of new co-annihilation and anni- 
hilation channels for dark matter decrease the tight bounds 5-dimensional Universal 
Extra dimensions have. And thus making Natural UED a viable model than a simple 
5-dimensional UED construction. 


Dark Matter Density: In the model prescribed above, vanishing of cosmological con- 
stant induced on 4-brane would mean that there warping is substantial only along 
the x5—direction. On localizing the Higgs field at x5 = 0 4-brane, we get the usual 
protection for Higgs mass from large radiative corrections. The new Higgs mass is 
given as mp, = X + e-*™ where \~ 1. 


The Standard Model localized on the 4-brane at x5 = 0 will mimic the minimal 
UED scenario with a slightly broken KK-parity. Just like in UED, the orbifolding 
inherent to the system would not only eliminate unwanted modes, but also introduce 
a KK-parity that, in turn, provides for a Dark Matter candidate, namely the LKP in 
this natural UED scenario with mass mz, ~ 1/R,. It might be argued, though, that 
with the warping along x4 being different from zero, the KK-parity is not exact. This 
is indeed so, but with the extent of Z2-breaking being determined by the (vanishingly 
small) induced cosmological constant 2, the lifetime of such DM-candidates could 
be greater than the age of the universe. 

The graviton excitation in the model, by virtue of them not being localized on 
any brane, will have two modes. One, the quantization of the momentum in the 
x4-direction and the other along xs. The couplings of those graviton modes that are 
excited only along the x4 direction, is Planck Scale suppressed. The only unsup- 
pressed coupling of graviton excitations exists for those which have non-trivial wave 
profile in the x5—direction. 


/ 2 
The mass of the higher excitations of gravitons M, is givenas M, = (x) + m,, 


where mp = Xp A er, Xp being the p'" root of J3/2. 

In this project, we look at the Dark Matter annihilation through resonant produc- 
tion of the first non-trivial excited mode of the graviton. The coupling of LKP with 
the first excitation of the graviton with non-negligible coupling in the bulk is given as 


Co = wae : J5/2(x1), where Nj is the normalization of graviton wave 
64/ TRyrz 


function in xs5—direction and x, is the first root of J3/2. 

In MUED, Dark Matter candidate is the Kaluza Klein level | partner of hyper- 
charge gauge boson B"). Considering all others KK modes heavier than B("’, the 
relevant self annihilation of B ie is into fermions and higgs bosons. Self annihilation 
alone sets an upper bound for mg, ~ 900 GeV [5]. As dark matter is non-relativistic 
at freeze out temperature, the center of mass energy is almost double of B i mass. 
Therefore, the resonance process plays major role in calculation of relic abundance. 
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Fig. 21.1 Plot showing the k vs € on left and mass vs coupling on right for R = = 2500 GeV. The 
green represents the region allowed by Dark Matter density limits (or the region above the curve in 
the mass vs coupling graph) with the inclusion of the new process mediated by graviton. Co is the 
coupling of graviton to the LKP 


Here, graviton in resonance increases the self annihilation rate and helps in satisfy- 
ing relic density for mg, ~ KS? above 1.5 TeV. In particular, we have shown this for 


mp, ~ Ry! values 2.5 TeV in Fig. 21.1. 
Cross-section for B{” (with mass m,) annihilation to fermions (with mass m f) via 


N.C*s* ( 15(0- 9 mi+(-994453430)s) 
, where 


graviton (with mass M,) is given by o = Ta Bs = MEM, TY 


B=,/1- ms /s and N, is the colour factor. C and I are the coupling and decay 


width of graviton to SM particles. We have used MUED FeynRules [6] file in [7] 
after modifying it to include graviton couplings with all KK as well as SM particles. 
To calculate the relic density, we have implemented model in version 2.0 of MadDM 
[8]. As we are dealing with resonance, we have kept iter_W;; = 10 in MadDM as 
parameters. The green region in Fig.21.1 satisfies the constraint 2h? < 0.1199 + 
0.0027 [3]. 


Conclusion: In addition to co-annihilation processes involving KK level | particles, 
the s-channel exchange of KK level 2 particles near resonance and production of level 
2 particles in final state contributes significantly to the total Relic density. Due to this 
contribution, the upper limit on mg, increases to 1.4 TeV. The graviton resonance 
process augments the level 2 resonance processes because mass of graviton is closer 
to the level 2 KK particles. It can be seen that there is a competition between large 
cross-sections in co-annihilation channels but with large Boltzmann suppressions, 
and large cross-section in self annihilation due to the addition of the new s-channel 
process involving gravitons. 
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Also, the graviton resonance mode discussed here does not affect the LUX limits 
as WIMP-nucleon scattering via graviton is a t-channel process and A graviton 
coupling falls off drastically away from resonance. Hence, like in MUED, cross- 
sections for WIMP-nucleon scattering are small [9] and their magnitudes are below 
the limit. 
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Chapter 22 @) 
Various Studies with Gas Electron ectics 
Multiplier (GEM) Detectors 


Shivali Malhotra, Md. Naimuddin, Ashok Kumar, Mohit Gola, 
Anshika Bansal and Aashag Shah 


22.1 Introduction 


The Micro-Pattern Gaseous Detectors (MPGDs) were developed in the continuity 
of the Micro Strip Gas Chambers (MSGCs). The most common MPGDs is the Gas 
Electron Multiplier (GEM) introduced by Fabio Sauli in 1996 [1]. GEM Foil is a 
thin layer of an insulating polymer, usually a 50 pm thick polyamide, coated on 
both sides with 5 jm of copper and chemically perforated with a high density of 
microscopic holes. There are two kind of geometries of GEM holes: Single Mask (or 
Conical) and Double Mask (or Bi-conical). A Triple GEM detector consists of three 
GEM Foils stacked one over another. Potential difference between the two GEM 
foils creates electric field in between which in general are known as: Drift Field, 
Transfer Field(s), and Induction Field. 


22.2 Various Studies with GEM Detector 


Studies were performed at University of Delhi (DU) with the triple GEM detector 
having gap configuration of 3:2:2:2 with an active area of 10 x 10cm?. The following 
characteristics were measured: 


Leakage Current: It is the current that flows from the top of a GEM foil to the 
bottom along the dielectric surface of the walls of the holes in the presence of an 
applied voltage (~500 V). Figure 22.1 on left shows the leakage current for 3 GEM 
Foils used. We have also measured the Electric field at nominal voltage of 3600 V 
as shown in Fig. 22.1 (Right). 
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Fig. 22.1 Left: showing the Leakage Current of 10cm x 10cm GEM detector; Right: showing the 
Electric Field across the gaps of GEM detector 
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Fig. 22.2 Left: showing the HV characteristics of 10cm x 10 cm GEM detector; Right: showing 
the Spurious signal rate 


HV Characteristics and Spurious Signals: Behaviour of the high voltage distri- 
bution circuit, which uses a resistive divider to ground. Detector is flushed with 
CO for 5 hat 2.5 L/h prior to powering. The HV characteristics for the detector is 
shown in Fig. 22.2 (Left) and the total HV resistance was found to be 5.43MQ. The 
signals observed with non-amplifying gas are termed spurious since they cannot 
originate from particle ionization. Figure 22.2 on right shows the rate of Spurious 
signal as a function of divider current. 

Energy Spectrum: Energy Resolution is calculated as Shea ae 
Figure 22.3 (Left) shows MCA Spectrum obtained using X-ray at operating voltage 
4150 V of GEM detector and its energy resolution was found to be ~30%. 
Effective Gain: Gain is the ratio of output current to the input current. The Effective 
gain is defined as: Gerr = es where [,. is current collected on the readout, np 
is the average number of primary electrons with charge e created in the drift gap 
due to incident X-Rays, and Rg is the rate of the source at Vp,if;. Figure 22.3 on 
right shows the variation of gain with the increasing voltage at drift. 

Gas Purity: Gas Chromatograph (GC) checks for different compounds (or any 
impurities) present in a gas mixture. GC provides the same signal for same amount 
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Fig. 22.3 Left: showing the MCA Spectrum for GEM detector using X-ray; Right: showing the 
rate of the source (green triangles) and effective gain (black dots) as a function of drift potential 
(upper x-axis) and divider current (lower x-axis) of detector with X-ray operated at 25 kV and 5 pA 


wv } ev } 
ped i INLET { OUTLET 
) 000 
f Hy 
000 soo 1 
sa _ = 0.53% 
02% 
= woo; 0.08% i ata% 
i i H H 
0 ~ 2 
2 ‘ . s 10 2 “min 2 ‘ ¢ ® +0 2 ‘4 mie 


Fig. 22.4 Left: showing the gas content entering GEM detector; Right: showing the gas content 
after flushing the GEM detector with Argon (right peak) and COd (left peak) 


of material introduced to it, if all operating conditions are kept same. Different 
compounds are identified by the time required for them to travel through a column, 
called the Retention Time. Figure 22.4 on left shows the gas content (i.e. Argon 
and CO3) at inlet of the GEM detector which is provided through the Gas Mixing 
Cylinder and Fig. 22.4 right shows the gas content at outlet of detector after flushing 
the gas mixture. We observed that few impurities (<1%) were introduced after 
flushing the detector with the gas mixture. 


22.3. Conclusions 


We have performed various measurements (Leakage Current, HV Characteristics, 
Rate of Spurious Signals, Energy Spectrum, Effective Gain) with 10cm x 10cm 
triple GEM detector at DU. We have successfully repeated these measurements on 
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large triple GEM detector prototype (~100cm x 45cm x 22cm). We have also 
installed the Gas Chromatograph and saw that 99.98% pure gas was being used for 
the gaseous detectors which are built and tested at DU. 
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Chapter 23 Mm) 
Zz Odd Sector Leading to Left-Right cro 
Symmetric Unification 


Triparno Bandyopadhyay and Amitava Raychaudhuri 


23.1 Introduction 


Left-right symmetric (LRS) models [1] with gauge coupling unification address the 
issues of parity asymmetry and arbitrariness of hypercharge assignment in the elec- 
troweak (EW) sector of the standard model (SM), while automatically providing a 
mechanism for generation of neutrino masses. We extend the canonical LRS model 
to add suitable dark matter candidates leading to gauge coupling unification, with- 
out intermediate scales. The model is falsifiable with both the LRS breaking and 
unification scale testable at ongoing or upcoming experiments. 


23.2 Model and Gauge Coupling Unification 


The LRS symmetry is defined as: SU (3)c ®@ SU(2), ® SU(2)r ® U(1)(p_z). SU (2) 
is a right-handed (RH) analogue of the standard SU (2); and *B’, and ‘L’ are baryon 
and lepton numbers respectively. A discrete L < R symmetry, Pp, makes the left- 
and corresponding right-handed couplings equal, and is spontaneously broken by the 
vev, U,, of a gauge singlet scalar, 7, odd under Pp [2]. In addition to the SM fermions, 
there is an RH neutrino, N, per generation. The scalars in the model transform under 
the LRS symmetry as, ® = (1, 2,2,0), A, = (1,3,1,2), Ar =, 1,3,2), n= 
(1, 1, 1, 0). EW symmetry is broken by ®, while Ar breaks LRS at some scale Mp. 
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To this standard set of particles we add a couple of fermionic multiplets, x + 
re in the representation (1,3, 1,0) + C1, 1, 3,0). U(1)(g_z) being broken by a 
(B — L) = 2 scalar, leaves a remnant Z symmetry [3]. Under this ne are even, 
while SM fermions are odd. This stabilises the lightest states of the multiplets. The 
mass lagrangian for x ee is: 


COA 


La = > (dexi +L o R) +h! (vy +) (XE xX, -Leo R) th.c.,i € 1,2. 

(23.1) 
Summing over ‘i’ is implied. The relative —ve sign between the left- and right- 
handed Yukawa terms in the second parentheses is because n <> —7, under L <> 
R. The lagrangian although explicitly left-right symmetric to begin with, becomes 
asymmetric after 7 acquires a vev. The masses of the left- and right-handed multiplets 
are then: M12 = M'?/2+h'?v,, and M, w= = M!'?/2 —h'v,. With, M!? ~ v,, 
the LH multiplets stay massive at the v,, scale. 

The masses of the SU(2)r multiplets could be anything below v,. However, 
for M o ~ O(TeV) there are multiple benefits. Firstly, the gauge couplings unify 
at a scale My ~ 10!© GeV, with M p = Mz, without any scales between Mp and 
Mv, implying minimal fine tuning. The unified coupling is given by, gy ~ 0.53. 
Secondly, the right-handed symmetry breaking occurs at ~6.5 TeV, which can be 
probed at LHC-II. Also, the relic abundance of the multiplets matches that of dark 
matter in the Universe [5]. 

The model, when embedded in an SO(10) symmetry, predicts a proton decay 
lifetime ~2 x 10*4 years, clear of present bounds [4], and testable at the upcoming 
Hyper-Kamiokande experiment. The SM fermions reside in the 16 dim. representa- 
tion of SO(10), @ in the 10 dim. fundamental, and Az, z, in the 126. oe are part of 
the adjoint 45 dimensional representation. 7 comes from the 210 dim. representation. 
SO (10) itself is broken by the 45 dim. representation. 

Each triplet contributes a pair of singly charged Dirac fermions and a Majorana 
fermion. At tree level the states are mass degenerate, however there is a radiative mass 
splitting. The charged states, x, are heavier than the corresponding Majorana Nes 
the splitting being O(GeV). Hence, the individual lightest states are neutral and can 
be dark matter (DM) candidates. xi? decay to i" before big bang nucleosynthesis, 
with a lifetime about O(ns). 


23.3 Dark Matter Phenomenology 


In Fig. 23.1, we show the contours in the M,2 > M,: plane for which the relic density 


of x ae matches that of dark matter of the Universe. The dark matter candidates, Xo a 
do not couple to the Z, Z’, or y and as a result DM—DM annihilation channels are 
highly suppressed, the only possible channel being a t-channel annihilation toa Wr 
pair, mediated by x*. Consequently there is no tree level coupling to nucleons, 
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and we do not expect the detection of the DM particles in current direct detection 
experiments. 


23.4 Collider Prospects 


The golden-channel for detection of the Wr, is pp > Wr > IN; — Iljj. If the 
right-handed neutrino, N;, is a Majorana particle as predicted in LRS models, equal 
numbers of same sign and opposite sign lepton pairs should be detected in the final 
state. In our analysis we find that at the LHC, with ./s = 14 TeV, and an integrated 
luminosity, Lin, ~ 500 fb-!, a Wp as heavy as 6.5 TeV can be discovered. The Z’ 
mass in our model is almost twice that of the Wr mass, hence its detection prospects 
are bleak, for Mw, 2 4 TeV. The production cross section of xe x? is too small, for 
Mw, z 3.5 TeV, to be detected at the LHC-II. However, ya? x has a sizable cross 
section. The Xo . particles will be missed by the detector, while the con particles, 
with a lifetime of O(ns) and decay lengths of 0.1—1m, will manifest as disappearing 
tracks in the tracking chambers of CMS, ATLAS, and the MoEDAL detector at LHC. 


23.5 Conclusion 


In conclusion, we have presented a modified LRS model with gauge coupling unifica- 
tion and parity restoration at the GUT scale, and with suitable dark matter candidates, 
that can be falsified at ongoing and proposed experiments. 
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Chapter 24 
Momentum Anisotropy, Chromo- Weibel ly 
Instability and QGP Phenomenology 


Vinod Chandra 


24.1 Introduction and Motivation 


Space-time evolution of hot QCD matter-the Quark-Gluon Plasma (QGP), created 
during ultra-relativistic heavy-ion collisions is mainly governed by second order 
dissipative hydrodynamics. The initial spatial anisotropy in the geometry in the 
presence of anisotropic pressure gradients helps the system to develop collective 
flow through momentum anisotropy during the evolution. To capture the physics 
of such anisotropies (momentum) within semi-classical transport theory, we must 
have appropriate mathematical forms of momentum distributions of the gluons and 
quarks that constitute QGP before we study important phenomena such as heavy- 
quark dynamics and dilepton production, in this exotic medium. This sets the prime 
motivation for this work. The main focus is on the momentum anisotropy present in 
later stages of the heavy-ion collisions. 


24.2 Momentum Anisotropy in Heavy-Ion Collisions 
and Near Equilibrium Quasi-parton Distributions 


Momentum anisotropy in heavy-ion collisions can be captured in the anisotropic 
momentum distribution functions of quarks/anti-quark and gluonic degrees of free- 
dom (up to linear order) as, 


hha) = fan +h, G2 DA’ O+0G) (24.1) 


V. Chandra (BX) 
Indian Institute of Technology Gandhinagar, Gujarat 382355, India 
e-mail: vchandra @iitgn.ac.in 


© Springer International Publishing AG, part of Springer Nature 2018 113 
Md. Naimuddin (ed.), XX/ DAE High Energy Physics Symposium, Springer 
Proceedings in Physics 203, https://doi.org/10.1007/978-3-3 19-7317 1-1_24 


114 V. Chandra 


where i, q are isotropic distribution in the local thermal equilibrium of the QGP. 
Their forms are motivated by a recently proposed effective quasi-particle model of 
hot QCD medium [1] Gee = Z9.q exp(—Bu" p,,)/(C1 F 29,4 exp(—GBu" p,,)), here z, 
is the gluon effective fugacity and z, is the quark effective fugacity that lead to 
dispersion relations, w,,, = p+ ro, In(Z,,q), and u” is the 4-velocity of the QGP 
fluid. The quantity fj“ (p) encodes the anisotropy. 

As the medium is expanding in RHIC, the anisotropy while couples with expansion 
leads to Chromo-Weibel instability [2] in a similar way as Weibel instability in 
QED plasmas. The instability could lead to turbulent soft color fields which, in turn, 
contribute to the anomalous transport processes in the hot QCD plasma [3] and 
eventually modulates the transport coefficients of the medium quite substantially. 
This idea has been utilized to set-up an effective transport equation while considering 
the ensemble of turbulent soft color modes and solution of its linearized version 
determines the mathematical form of f;(p) [3, 4]. 

The effective transport equation that determines the form of the f;(p) in the 
local rest frame of the expanding medium (considering (1 + 1)- dimensional boost 
invariant expansion) reads [4] 


2 2 2 

Oa. ot IG = Ea BS Ge oe ci. BO 

faa * fra) = Seq yag, EAPO faa 
(24.2) 


where (Vu);,; is the symmetrized velocity gradients, L2:= (p x ony — [(p x 
On) les Tm is the time scale of the instability. The quantities E and B denotes the 
color electric and magnetic fields respectively and the bracket < ... > denotes the 
average with respect to ensemble of turbulent color fields [3]. 

The unknowns in the right hand side can be related to the phenomenologically 


Pipj(Vu)i,; 
Wo gql 


known gluon-quenching parameter, g = HFS < E? + B® > T [6], Cp = N; for 
gluons and (VN, 2 — 1)/2N, for quarks (the respective Casimirs of SU (N,)). 


The near equilibrium anisotropic distribution functions thus obtained reads, 
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Fig. 24.1 Heavy quark drag and diffusion coefficients for, Q = G/T? 
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Fig. 24.2 Dilepton rate and yield: EOS and anisotropy effects, Q = G/T? 


4w 
— £0 0 4 £0 g 2 2 
jog) = Ie — Igg@0 = Roget (P =p /3) (24.3) 


Now, (24.3) is utilized to study heavy quark (charm quark) drag, yy and diffusion, 
D coefficients in the above anisotropic hot QCD medium while studying their scatter- 
ing with light quarks and gluons in the medium. In addition, the dilepton production 
via qq-annihilation in the anisotropic hot QCD/QGP medium is another implica- 
tion of the anisotropic momentum distributions in (24.3). The impact of anisotropy 
on the heavy-quark dynamics is depicted in Fig.24.1 and dilepton production in 
Fig. 24.2 for different values of the scaled jet quenching parameter, g/T*. Heavy- 
quark dynamics gets appreciably influenced by the momentum anisotropy. Clearly, 
from Fig. 24.2, the dilepton production rate notice significant changes in the presence 
of anisotropy [5]. Thus, while comparing these observables with experimental pre- 
dictions, the effects from the momentum anisotropy can not be ignored. The validity 
of (24.3) is ensured whenever the second term in right-hand-side is much less in the 
magnitude as compared to the first one. In both the cases of dilepton production and 
heavy-quark transport the value g/T* = 5 sets the limit of the approximation as it 
fails for the values of the same that smaller five. 


24.3 Conclusions and Outlook 


Momentum anisotropy that develops with the space-time evolution of the hot QCD 
matter seen to play crucial role while understanding the bulk and transport properties 
of the QGP. This fact has been realized while investigating heavy-quark dynamics 
as well as dilepton production in the anisotropic QGP medium. In both the cases, 
anisotropy is seen to play prominent role. A more quantitative understanding will 
require coupling the analysis with full (3 + 1)-hydrodynamical evolution of the QGP 
and be a matter of future investigations. 
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Chapter 25 @) 
Response Functions and Collective creek 


Modes of Hot QCD Medium 


M. Yousuf Jamal, S. Mitra and V. Chandra 


25.1 Introduction 


Like QED plasma, hot QCD plasma (in the abelian limit) do possess similar collective 
excitation [1]. There have been various attempts to study collective plasma excita- 
tion in the isotropic and anisotropic hot QCD medium [2]. The collective excitations, 
that are studied by looking at the modes of the dispersion equations in the hot QCD 
medium, basically obtained from the polarization tensor in the medium. More pre- 
cisely, the Polarization tensor that enters into the propagator, contains the dynamical 
information about the medium and the dispersion equation for the collective modes, 
are obtained in terms of poles of the propagator. 

As the bulk of hot QCD medium that is created in ultra-relativistic heavy-ion 
collisions made up of light quarks/anti-quarks and gluons, therefore, there will be 
both gluonic and quarks collective modes in the medium. The main focus here is 
on the gluonic transverse and longitudinal collective modes which alternatively can 
be termed as plasmons. Another intriguing aspect of the hot QCD medium is the 
presence of momentum anisotropy throughout its space-time evolution. Therefore, 
while performing such investigations on collective excitations, it is desired to include 
the effects of anisotropy. Since, our investigations are within the framework of semi- 
classical transport theory, we require to invoke the appropriate momentum distribu- 
tions of quarks and gluonic degrees of freedom in the medium. This is done within 
a recently proposed quasi-particle model for various hot QCD Equations of state 
(O(g?) and O(g’log(-)) pQCD, (2+1)-flavor lattice QCD equation of state [3]). In 
addition, refractive index(RI) of hot QCD medium has also been investigated. 
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25.2 Collective Gluonic Modes 


In the temporal gauge, the dispersion equations in the hot QCD medium could be 
obtained in terms of the poles of gluon propagator: A‘/ (k) = ((k? — w*)d4 — kiki + 
TT'/(k))~', where, the gluon polarization tensor reads: 


" Bp , ig! 
TT (k) = -¢ | amit OF) (<0 + sy) 5.1) 


The anisotropic distribution, fe can be obtained as, fe(p) = Ce f (yp? + €(p.n)?). 
There is one more degree of freedom, the direction of anisotropy, h withh? = 1.€ > 0 
correspond to contraction, —1 < € < Ocorrespond to stretching of isotropic distribu- 
tion function and € = 0 will take back to the case of isotropic medium with the dis- 
tributions [4]: f(p) = 2Nc fg(p) + Ne Lfq(P) + fa(P)],  fo/q = Z9/q XPI-BE pI / 
(1 $ Zg/q exp[—GE>]). The tensor decomposition of 7: IT’! = aA + BBY + 
yCu + 6D, with, AY = 64 — kiki /k?, BY = kiki /k?, C4 = nin [n?, Di = 
kin/ + n'‘k/, The structure functions, a, 3, y, 6 could be obtained with the appropri- 
ate contractions. Next, the dispersion equation is obtained as, A(k) = A,[A — C] + 
Agl(k? — w +a+7)B+ (6 —w*)C — 6D] with, Ay (k) =k—w*+a 
and Ag’ (k) = Agi (k) Aga (k), where, Agi (k) = kh? —uw* +047, Agr) = B- 
w”. We symbolically denote the collective modes as A and G = (G1, G2) modes 
as done in [5]. These modes can take both real and imaginary (w = iJ”) values 
depicted in Fig. 25.1, for various interacting QCD/QGP EOSs along with the leading 
order (LO). In the case of real w, we have found three modes in which two (w,4 and 
Wg1) correspond to transverse mode while the third mode (G2) correspond to the 
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Fig. 25.1 Real and Imaginary modes for various EOSs along with LO 
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Fig. 25.2 n?(Left) and n(right) along with np, for various EOSs along with LO 


longitudinal one. In the case of imaginary frequency (i.e., w = iJ”), we found only 
two imaginary modes (J‘4 and Ig;), among them, Jg1, appears only for certain value 
of 0, for € > 0 and for € < 0, we found only [%; mode. 


25.3. The Refractive Index 


The RI is defined as, n := ,/e j1, where in the small k-limit [6], ew) + 1 — 
m7, /3w* + O(k?), uw) © (1 — 2m3,/15w?)! + O(k?). Considering, ./2715 
mp(T) = Wmp and mp(T)/V3 = Wp), Where at w,,, there is a pole in yz which 
was absent in the holographic treatment of strongly coupled plasma [7] and w, is 
the plasma frequency. The refractive index is considered to be negative if Depine- 
Lakhtakia index [8], np, = |e|Re(s) + |u|Re(e) < 0. 

In Fig. 25.2, one can observe that for the frequency w < wy), the RI is negative. 
Since, in this range, n* is positive, only Re(m) exist. In the range Wm, < w < Wp, 
n” is negative and so, only Im(n) is contributing while the np, = 0. In this range 
EM waves can not propagate and the medium is opaque. For the frequency w > wp, 
again n? is positive and so, only Re(n) contributes and approaching towards unity. 

Finally, we observe that hot QCD medium effects induce sizable modifications to 
collective modes and refractive index of hot QCD medium. 
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Chapter 26 
Electromagnetic Response of a Hot QCD sv 
Medium in Heavy Ion Collisions 


Sukanya Mitra and Vinod Chandra 


26.1 Introduction 


It is well established that in the early stages of the non-central heavy ion collisions 
an electromagnetic (EM) field is produced with considerable strength (eB ~ m2 ~ 
10!? Gauss) [1], which is reflected on the observable properties of the extracted 
signals at the later stages of the collisions. In response of the concerned electric 
field, an induced current is generated that relates the electric field by the quantity 
called electrical conductivity o,;. The sensitivity of the charge-dependent directed 
flow of the observed hadrons on initial stage charge asymmetry via o,; and the 
dependence of soft photon and dilepton emission rates on 7, provide the motivation 
of investigating the values of o,; along with its temperature behavior. Viewing this 
scenario, in this article the electrical conductivity and charge diffusion coefficient(D) 
have been estimated giving their explicit temperature dependences for a strongly 
interacting hot QCD (quantum chromodynamic) system which is likely to be created 
in heavy ion collisions. 


26.2 Formalism 


The effective quasi particle model (EQPM) employed here, is based on the idea 
of mapping the hot QCD medium effects present in the equations of states (EOSs) 
either computed within improved perturbative QCD (O19? ) and O(g° In(1/g)) or 
(2 + 1)-flavor lattice QCD simulations. Under the EQPM scheme the quasi-parton 
equilibrium distribution functions and the non-trivial dispersion relations are respec- 
tively the followings, 
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= Z9/q XPI-B Ep] 
Soiq a 
(: F Zg/q expl—3El) 


where Z,/,’s are effective fugacities of the quasi partons that encode the effects of 
a strongly interacting thermal medium. With this definitions we finally lead to the 
effective coupling of QCD interaction as, 


»  Wgjqg = Ep + T? OrIn(Zq/q), (26.1) 


zal ali PolyLog[2, —Z,] 


Np 
oF ge 


— x PolyLog[2, 


Qeff = as(T)+ a (26.2) 
a 


The thermal relaxation times (7) of the constituent quarks and gluons can be 
obtained from the relativistic transport equation as an explicit function of their mutual 


interactions. In terms of the temperature and effective coupling, the relaxation times 
for quasi gluons and quarks take the following form, 


r~Tadyin{ if (26.3) 


eff 

In the Chapman-Enskog method from kinetic theory application of a multi com- 
ponent quark gluon plasma (QGP) system, the expression of the electric conductivity 
and diffusion coefficient are, 


ihgoel Tl 
pee famed pa, (26.4) 


Cel = 4 
4 h , Lan 


with, Jj, = alr 9g 


= HRs te [oe a 


dp 
lig = aI-x9%4 (On arte + fg wg — hg) + X97q = 4 fq l — fa) aq — hg) 


The aq — a Vd ok is the square of the fractional quark charges taking sum over 
quark degeneracy. For the detail derivations and the definitions of the thermodynamic 
quantities, [2] is being referred. 


26.3 Results and Discussions 


The temperature dependences of o,; and D are distinctly showing the effects of dif- 
ferent EOSs under EQPM. The leading log over coupling term in 7’s are appearing to 
be majorly responsible for the considerably higher magnitude of o,;, which however 
shows a good agreement with Lattice results from [3] and dynamical quasi particle 
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Fig. 26.1 o,; for Np = 3 as 
a function of T 
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results from [4]. For D, the estimations with perturbative QCD cross section are 
comparable with Lattice results from [5] and holographic results from [6], whence 
the leading log results of D are showing larger magnitude due to the intrinsic nature 
of the leading log term itself (Figs. 26.1 and 26.2). 


26.4 Conclusion and Outlook 


In this current work we have estimated the temperature behavior of electrical con- 
ductivity and diffusion coefficients for a strongly interacting QCD system using an 
effective quasi particle model in order to describe the thermal medium. The obtained 
results are showing the different EOS effects through the quasi particle model notice- 
ably. The results are observed to be in quite sensible agreement with other recent 
estimations such as lattice, holographic models and dynamical quasi particle models. 
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Chapter 27 @) 
A Proof- of-Principle for Time of si 
Flight-Positron Emission Tomography 

Imaging 


Rajesh Ganai, Shaifali Mehta, Mehulkumar Shiroya, Mitali Mondal, 
Zubayer Ahammed and Subhasis Chattopadhyay 


27.1 Introduction 


Positron Emission Tomography (PET) [1], is aradio-tracer, nuclear medicine imaging 
technique. PET is used to observe metabolic processes in the body. The basic principle 
of PET is detecting a pair of back to back 511 keV photons created by the annihilation 
of a positron with an electron. The positron emitter, Fludeoxyglucose (!8F) (FDG) 
which is a radio-tracer, administered in the body annihilates into a pair of 511 keV 
photons, flying in opposite directions. Time of Flight (TOF) technique has found its 
application in PET imaging. The two gamma-ray interaction points define a so-called 
line-of-response (LOR) on which the annihilation must have taken place. A precise 
measurement of the arrival times of the coincident photons along with the time 
difference in flight-time of the two photons helps to localize the annihilation event 
on the LOR. Figure 27.1 illustrates the basic working and detection principle of any 
TOF-PET system. 
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Detector ring 


Se 


Positron emitting 


511 keV nucleus 
photon 


aa 


Annihilation 


511 keV 
photon 


Fig. 27.1 Imaging principle of PET: a Two 511 keV photons are emitted in (almost) opposite 
directions after e+ annihilates with e~; b The two photons are simultaneously detected within a 
ring of detectors surrounding the patient. The line-of-response (LOR) connecting the two photons is 
generated. By recording many LORs the activity distribution can be tomographically reconstructed 


[5] 


The Multi-gap Resistive Plate Chambers (MRPCs) [2] are advanced form of RPC 
[3] detectors where the gas gap of a single gap RPC is divided into multiple gas 
subgaps with highly resistive electrodes to improve the time resolution of the later 
without sacrificing its other good qualities like efficiency. The best time resolution 
from MRPC is 15.8 ps [4]. Better time resolution of MRPCs over scintillators can 
determine the LOR, hence the annihilation point more precisely. The major disad- 
vantage of MRPCs is that they are low efficient in detecting photons. 


27.2 Experimental Set up and Test Results 


The aim of this work was to detect the two back to back gammas created by the 
annihilation of positron emitted from ?”Na with an electron with the developed pro- 
totype 5-gap glass MRPCs [6, 7] and also to sense a change in the position of the ?*Na 
source. In order to do so, the major challenge was to eliminate the cosmic muon back- 
ground as MRPCs are known to have very good charged particle detection efficiency 
and was successfully achieved by veto method. The schematic of the experimental 
set up and the actual set up has been shown in Fig. 27.2. The two prototype MRPCs 
were kept horizontally and separated by a known distance of 17cm. A ??Na source 
was kept in between the MRPCs. Two aluminium plates of dimensions ~30cm x 
30cm x 0.5cm ensured that the back to back photons does not reach the scintillators. 
Two plastic scintillators each of dimension ~50cm x 25cm were used. 

A suitable trigger ((Scintillator — I) - (Scintillator — IT). MRPC- I) was also 
chosen which initiated the START of the TDC module. The first set of TDC spectra 
was taken when the source was placed 3 cm away from the bottom or MRPC - II and 
the second set was taken when the source was kept at 14cm away from the bottom 
MRPC which have been shown in Fig. 27.3. The mean channel of the TDC spectra 
after a Gaussian fit was obtained to be 1479 for Fig.27.3a and 1514 for Fig. 27.3b. 
Clearly there is a shift in the mean of the TDC spectra, specially in the mean of the 
spectra by 35 TDC channels as the source was moved from position-I to position- 
II by 11cm. Assuming the velocity of photons to be 30cm/ns, a change in source 
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Fig. 27.2 Actual experimental set up and schematic of the experimental set up for TOF-PET with 
prototype MRPCs 


(a) (b) 


af i ndt 3281/3 
Constant 20.36 +3.11 Constant 21.02 = 2.68 


Pindt 3.503 /6 


Mean 1479 +34 1514 23.7 


Counts 


0 0) 
1000 1200 1400 1600 1800 2000 1000 1200 1400 1600 1800 2000 
TDC Channel No TDC Channel No. 


Fig. 27.3 a The TDC spectra of MRPC-II when the 7*Na source was kept at position-I. b The TDC 
spectra of MRPC-II when the ?”Na source was kept at position-II. The resolution of TDC is ~25 
ps/channel 


position by 11cm should give TDC channel difference of 30 channels which is close 
to to the obtained value of 35 channels. From another way of looking at it, a shift 
in the mean of the TDC spectra of 35 channels should yield a change in the source 
position by 12.8cm which is close to the actual change in source position by 11cm. 


27.3. Summary and Discussion 


Excellent time resolution of MRPCs make them potential candidate to replace the 
scintillators in existing PET systems. If successful, the cost per scan of PET imaging 
will reduce drastically as MRPCs are relatively low cost detectors. As a first step 
towards this noble work, two prototype MRPCs have been tested in a two-MRPC 
coincidence set-up for the detection of back to back photons created by the annihi- 
lation of positron (emitted from Na” source) with a nearby electron. The change 
in distance in the source position was successfully estimated from the time spectra 
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obtained by using both the MRPCs. In order to bring down the estimated change in 
distance in the source position by MRPCs, the time resolution of the detectors needs 
to be improved. 
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Chapter 28 Mm) 
Development of 6-Gap Bakelite cro 
Multi-gap Resistive Plate Chamber 

(MRPC) 


Rajesh Ganai, Mitali Mondal, Shaifali Mehta, Zubayer Ahammed 
and Subhasis Chattopadhyay 


28.1 Introduction 


Multi-Gap Resistive Plate Chamber (MRPC) [1] being a parallel plate avalanche gas 
detector has been used in various nulcear and high energy physics experiments, due 
to their excellent time resolution (~20 ps) [2], high detection efficiency, reliability 
and ability to cover a large area. MRPC works on the principle of gas-ionization 
and consists of small sub-gaps. The small gas-gaps are maintained by inserting thin 
resistive plates between two outer resistive plates. Formation of an avalanche of 
charge catriers in one or more than one gas gap induces a signal on metallic pick up 
strips. A schematic of an MRPC is shown in Fig. 28.1. Mostly glass MRPCs had been 
used in various high energy physics experiments until now. We have made an attempt 
to develop a six gap bakelite MRPC. Bakelite MRPCs have several advantages over 
glass MRPC such as it is more flexible, easy to handle, can be used in both avalanche 
and streamer mode gas-mixture. 

The fabrication procedure of a six gap bakelite MRPC of total dimension 
15cm x 15cm x 1cm with each gap thickness of ~250 1m and preliminary test 
results of this MRPC using cosmic muons are discussed in this paper. 
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Fig. 28.1 Schematic diagram of a six gap MRPC 


Development of 6-gap Bakelite MRPC 


We have developed a six-gap bakelite MRPC of dimension 15cm x 15cm with a 
total gas gap of 0.15 cm. The outer two bakelite electrode plates have dimensions of 
15cm x 15cm x 0.3cm while the inner bakelite plates are thin (14cm x 14cm x 
0.05 cm). Each gas gap has a thickness of 250 j1m which is maintained by five button 
spacers made of G10 sheet. A perspex frame of 4mm thick and | cm width serves 
as a side spacer between two outer plates. Two gas nozzles made of polycarbonate 
material, one for gas inlet and one for gas outlet, have been attached diagonally to 
the chamber for proper gas flow. We have applied a conductive layer prepared by 
mixing a conductive paint and special dry thinner in a ratio of 1:1 on the two outer 
plates for uniform application of high voltage. The different steps of developing the 
MRPC has been shown in Fig. 28.2. 


Experimental Test Results using Cosmic Ray 


The bakelite MRPC was characterized in standard cosmic ray test setup to mea- 
sure efficiency and noise rate in avalanche mode with a gas mixture ratio of 
R134a:Isobutane:SF¢::94.3:5.3:0.4. The flow rate of the gas was 0.75 lit/hr. The 
temperature, pressure and relative humidity of the lab were ~15 °C, ~1 atm and 
~50 — 55 % respectively throughout the experiment. The trigger was given by the 
coincidence from three scintillators, 2 paddle scintillators (Active area ~20cm x 
8.5cm) and a finger scintillator (Scm x 1.5cm). Figure28.3 shows the measured 
efficiency and the noise rate values as a function of the applied voltage. Efficiency 
plateau of ~90% was reached at high voltage values beyond 15.4 kV. 

As expected it was found that the noise rate of the MRPC decreases by increasing 
threshold. The maximum noise rates of the MRPC are ~2.8 Hz/cm2, ~1.8 Hz/cm? 
and ~2.2 Hz/cm/? at negative discriminator thresholds of 20 mV, 50 mV and 100 mV 
respectively. 
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Fig. 28.2 a Inner bakelite plates of 500 \1m thick, b the bottom electrode and perspex frame kept 
side by side, ¢ Inner electrodes glued on bottom electrode spacing them by button spacer, d weights 
placed over developed MRPC, e Outer surface of the outer electrodes painted with black conduction 
paint, f Testing the developed MRPC with cosmic ray Setup 
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Fig. 28.3. Efficiency and Noise Rate of the MRPC as a function of applied HV 


Conclusion 


In this paper we have presented the development procedure of six gap bakelite 
MRPC and it has been characterized in avalanche mode gas mixture R134a (94.3%), 
isobutane (5.3%), SF (0.4%) using cosmic ray flux. It has an efficiency of ~90% at 
noise rate 1.5 Hz/cm?. As a future plan, we planned to measure the time and charge 
spectra of the MRPC. 


132 R. Ganai et al. 


References 


1. E. Cerron Zeballos et al., Nucl. Instrum. Meth. A 373, 132-135 (1996) 
2. S. Anetal., Nucl. Instrum. Meth. A 594, 39-43 (2008) 


Chapter 29 M®) 
Conductivity of Holographic ra 
Superconductor in Soft-Wall Model 


Neha Bhatnagar 


29.1 Introduction 


Experimentally observed novel features of condensed matter systems are intriguing 
but difficult to grasp as conventional non-perturbative approach comes with con- 
straints. However advent of AdS/CFT duality(holography) [1] results in remarkable 
development in the area. Using this duality dynamics of strongly coupled systems are 
described from weakly coupled dual gravity theory residing in one higher dimension. 
High 7, superconductor is one such example which can be observed in laboratory 
but still needs a valid theoretical description. Conventional superconductivity with 
T, = 30K can be explained using BCS theory considering weak coupling of elec- 
trons. Recently various holographic models have been developed to investigate the 
phenomenon of high 7, superconductor where coupling of complex scalar field with 
gauge field is required in gravity action. In this work, we have applied soft-wall 
model [2] to study the transport properties of 2 + | dimensional holographic super- 
conductor. It was argued [3] that different dilaton profile resembles with different 
condensate in superconducting phase. Although phase transition could not be studied 
explicitly in present form but we can match our results qualitatively with experimen- 
tally observed transport properties. This approach provide us scope to work further 
and explore strongly coupled system in phenomenological simple way [4]. 


29.2 Holographic Model 
We consider soft wall model in (3 + 1) dimensional Einstein-Maxwell system. 
S= : fas =e °° R+o-—F po (29.1) 
16nG4 p 
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where F? is U(1) gauge field strength with Fyy = OpAy — OvAp, kK? = 8nGyg=L= 
1 (G4 is Newton’s constant) and A(cosmological constant). Equations of motion from 
above action are given as, 


1 
Rw _ 59k _ AG = 87 Gal and Vile? FH”) =0 (29.2) 


considering metric ansatz as, (taking z = +) 


L? dz 
22% [_ 2 2 2 
ds? = a ( f(odt? + dx? + dy? + =) (29.3) 
where 
Zz e Zz : 
f@=14+A (=) (104 (=) (29.4) 
Zh Zh 


and z, is the black hole horizon, Q = aS is the charge of the black hole) and 


Hawking temperature of system is given as, Ty = a 


29.2.1 AC Conductivity 


AC conductivity is calculated by introducing perturbations in matter and gravitational 
fields and studying linear response of the system. Using Fourier transformation as, 


© dw. F © d : 
jee / aw. de, — bgult.2)= / OY ys tee 
eg 5 27F 
(29.5) 


we get the gauge field equation used to study frequency response of conductivity 
(scaling @y = e°a,). 


ba) 
f (2) 


} 199 2 
al'(<) + uo+(@-eor+4 Oye 2 Jato 


fo f@) FG? 
(29.6) 


Here we have fixed the dilaton profile as ¢ = z” and using solution of A; from (29.2) 
we study response of system. From (29.6) behavior of optical conductivity with 
varying chemical potential is shown in Fig.29.1. We observe formation of gap in 
ac conductivity with increase in chemical potential. Thus using soft wall model we 
can study normal phase of holographic superconductor in 2 + | dimensions at finite 
charge density. 
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Fig. 29.1 Frequency dependent conductivity with varying chemical potential , = 0 (dashed), 0.5 
(purple), 1.0 (blue) and 1.5 (black) 


Fig. 29.2 Temperature 
dependent DC conductivity 
with varying chemical 
potential ;1 = 0.5(blue), 
1(black) and 1.5(brown) 


DC cond 


29.2.2 DC Conductivity 


DC conductivity can be calculated using zero frequency limit of the above equation. 
But for simplification we have introduced perturbations in the form of time indepen- 
dent electric field as in [5], dg;. = hj, and A, = —Et + a,. Coupled equations are 
solved considering regularity condition at horizon. DC electric conductivity can be 
obtained from Ohm’s law as g = oly is the current density of the system). Depen- 
dence of de conductivity on temperature with varying chemical potential has been 
shown in Fig. 29.2. 


29.3 Results and Discussions 


We study ac and de conductivity of holographic superconductor using soft wall 
model. Soft wall model is a modified form of hard wall model with dilaton field to 
introduce the confinement in the system. For charged black hole system we have 
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shown variation of ac conductivity with chemical potential indicating normal phase 
of the superconductor. This model can be developed further to investigate other novel 
features of strongly coupled systems. 
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Chapter 30 ®) 
Why T2K Should Run in Dominant sce 
Neutrino Mode to Discover CP Violation? 


Monojit Ghosh 


30.1 Introduction 


Neutrino oscillation in standard three flavour is defined by three mixing angles i.e. 012, 
013, 923, two mass squared differences i.e. Am}, Am, and the phase dcp. Among 
these six parameters at these moments the unknowns are: (i) neutrino mass hierarchy 
i.e. normal or inverted (NH: Am3, > 0 orIH: Am}, < 0), (ii) the octant of the mixing 
angle 653 i.e. lower or higher (LO: 023 < 45° or HO: 633 > 45°) and the leptonic CP 
phase dcp. The first hint of CP violation in the leptonic sector is believed to come from 
the currently running long-baseline experiment T2K [1] in Japan which has already 
indicated a mild preference towards dcp = —90°. This hint came from the neutrino 
data of the T2K experiment [1] which is currently running in the antineutrino mode. 
In this work we ask the question that what should be the proportion of neutrino and 
antineutrino run to extract the best sensitivity from the T2K experiment regarding the 
discovery of leptonic CP violation. The capability of the T2K experiment to determine 
the phase dcp is limited by parameter degeneracies [2] which are (i) hierarchy-d¢ p 
degeneracy and (ii) octant - dcp degeneracy. It is already shown that the hierarchy - 
dcp degeneracy is same for neutrinos and antineutrinos but octant - dcp degeneracy 
behaves differently for neutrinos and antineutrinos. Thus a combination of neutrino 
and antineutrino can resolve the octant - dcp degeneracy but not the hierarchy- d¢ p 
degeneracy. In this work we will show that for the T2K experiment, if the parameter 
space is free from octant degeneracy then best CP sensitivity comes from the pure 
neutrino run of T2K experiment. On the other hand antineutrinos are required for the 
parameter space where octant degeneracy is present. To overcome this problem we 
also study the possibility of adding data from other experiments namely the ongoing 
accelerator base long-baseline experiment NOvA [3] in Fermilab and the proposed 
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Fig. 30.1 CP Sensitivity of T2K for NH-LO 


atmospheric neutrino experiment ICAL @INO [4] in India to show that the maximum 
CP sensitivity of the T2K experiment comes from the dominant neutrino run. 


30.2 Results and Discussions 


For the simulation of T2K experiment we consider a total exposure of 8 x 107! 
protons of target (pot). We have divided this exposure in different proportion of 
“neutrino + antineutrino” running in units of 107! pot. 

In Fig. 30.1, we have plotted the CP violation discovery potential of T2K for NH 
(Am, = 0.0024 eV”) - LO (6:3 = 39°). From the figure we see that when octant 
is known (left panel), the best sensitivity comes from the pure neutrino run i.e. 
8 + O configuration. But when octant is unknown (right panel), 8 + 0 gives the worst 
sensitivity. As the proportion of antineutrino increases, CP sensitivity gets improved. 
The maximum sensitivity is obtained for 5 + 3 and further increase of antineutrino 
run decreases the sensitivity. This is because for 5 + 3, the wrong-octant solution is 
completely removed and further addition of antineutrino reduces the statistics and 
hence the sensitivity gets decreased. 

In Fig. 30.2 we plotted the same but for all the four combinations of hierarchy and 
octant assuming octant is unknown. IH corresponds to Am, = —0.0024 eV? and 
HO corresponds to 623 = 51°. From this figure we see that apart from —90° - NH - 
LO and +90° - IH - HO, 8 + 0 configuration of T2K gives the best CP sensitivity. 
Thus to get a handle over these two situations, in Fig. 30.3 we plotted the same as 
Fig. 30.2 but for the combination of T2K-+-NOvA-+ICAL. 

For NOvA we assume a three years running in both neutrino and antineutrino 
mode and for ICAL we consider a 50kt iron calorimeter detector running for 10 
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Fig. 30.2 CP Sensitivity of T2K for all the four combinations of hierarchy and octant 
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Fig. 30.3. CP Sensitivity of T2K, NOvA and ICAL for all the four combinations of hierarchy and 


octant 


years. From the figure we see that when NOVA and ICAL are combined with the 

T2K data then the best CP sensitivity comes from the 7 + | configuration of T2K. 
Note that Figs.30.1 and 30.3 of this work is published in [5] and some of the 

results of this work is discussed in [6]. 
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Chapter 31 

Near-Horizon Geometry and the Entropy i 
of a Minimally Coupled Scalar Field 

in the Asymptotically Flat Black Holes 


Kaushik Ghosh 


31.1 Introduction 


Since the four laws of black hole mechanics were formulated [1], there has been 
much effort to relate the laws of black hole mechanics to those of thermodynamics. 
The area theorem led Bekenstein to assign an entropy to a black hole [2]. Hawking 
established the thermodynamical aspects of black holes by showing that a black hole 
can radiate like a hot body at a temperature equal to a multiple of the surface gravity 
of the horizon [3]. The entropy of a black hole, considered as a thermodynamical 
system, was found to be 4. Here A is the area of the horizon. 

We have to consider quantum field theory in curved spaces in most of the works 
related to black hole thermodynamics. In flat space, a uniformly accelerated observer 
detects a thermal spectrum when the field is in the Minkowski vacuum [4, 5]. The 
temperature is dependent on the proper acceleration of the observer. A corresponding 
situation arises in the Schwarzschild black hole for a static observer outside the event 
horizon. The temperature is the same as that of the black hole if the static observer is at 
a large distance from the horizon. The corresponding vacuum is the Hartle—Hawking 
vacuum [6]. In this article we will discuss the expression of the entropy of a scalar field 
in a Kerr black hole and in thermal equilibrium with the black hole. The expression 
is derived by us in a previous article [8]. The corresponding expression for the 
Schwarzschild case can be obtained by considering an appropriate slow rotation 
limit [7, 8]. We have used a model proposed by G. *t Hooft known as the brick 
wall model [9] and used the Wentzel—Kramers— Brillouin (WKB) approximation 
to count the states. We can define a thermal equilibrium between a black hole and 
black body radiation of a massless scalar field surrounding the black hole at the same 
temperature as that of the black hole. The amount of radiation absorbed and emitted 
by the black hole is the same. Divergences appear when we try to calculate the entropy 
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of the scalar field [7, 9]. This is associated with the continuous energy spectrum and 
unboundedness of the allowed angular quantum numbers in the near-horizon region. 
To regulate the divergence, t Hooft proposed a boundary condition on the scalar 
field near the horizon [9]. He assumed the scalar field to be vanishing at a small 
distance away from the horizon. This radial parameter is known as the brick wall 
cut-off parameter. This boundary condition is a good model since in thermodynamic 
equilibrium there is no net interchange of particles between the black hole and the 
surrounding matter. The details can be found in [7, 8]. The expression of the entropy 
is found to be logarithmically divergent in the brick wall cut-off parameter. The metric 
component g,, has a simple pole at the horizon. The WKB quantization rule indicates 
that the divergence is expected to be logarithmic. In the Schwarzschild black hole, 
we can also use the blueshift factor together with the form of the proper distance in 
the near-horizon region to understand this logarithmic divergence. The thickness of 
the thin shell takes care of the unbounded nature of the allowed angular quantum 
numbers. The expression of the entropy obtained by us is proportional to the area of 
the horizon when we take the temperature to be same as the Hawking temperature. 
The entropy is also found to be a decreasing function of the thickness of the thin shell. 
These aspects may be taken to be the semiclassical signs of a holography principle 
and entropy bound. Here the semiclassical theory refers to quantum field theory in a 
fixed background. 

The Lorentzian sector calculation of the scalar field entropy in the Kerr black 
hole is more significant compared to the Schwarzschild case since the corresponding 
Euclidean sector literature is not well formulated [10]. The expressions obtained 
in this article are also significant in the context of entanglement entropy and the 
Euclidean approach to calculate the matter field entropy in a black hole background. 
We will discuss these aspects and the significance of the results obtained in this 
article in Sect. 31.2. 


31.2 Entropy of a Thin Shell of Scalar Field in the Kerr 
Black Hole 


In this section we will consider the entropy of a minimally coupled scalar field in 
the Kerr black hole. We will discuss the case of a massless field but the results can 
be easily extended for a massive case [7, 8]. We will follow the method discussed 
in [7-9] and consider a thin shell of scalar field surrounding the horizon. We found 
earlier that in the spherical polar coordinates, the WKB approximation is suitable for 
a thin shell of scalar field [7, 8]. Since the near-horizon region gives us interesting 
physics, we proceed to discuss the entropy of a thin shell of scalar field confined in 
the near-horizon region. We impose the brick wall boundary condition: 


w=0, for r<ryth. (31.1) 
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Where r+ is the black hole event horizon and h is a small radial parameter. We 
can consider the scalar field to be confined in a half-infinite potential well in the 
near-horizon region [7, 8]. The metric of the Kerr black hole is given by: 


“2 2 

as? = Star — asin hag? + "1°? + a)46— a drt + Sar? + pat. 

. i (31.2) 
Where, pr =r? +a’cos*6, A =r? —2Mr +a’, M is the mass anda is the angular 
momentum per unit mass of the black hole. The scalar field satisfies the following 
wave equation: (—g)7?O,L(— g)? g'” 0, = 0. Here [g,,,] is the metric tensor and 
g is it’s determinant. The entropy of a scalar field confined within the near horizon 
region and as predicted by an observer at infinity is given by [8]: 


= zin( 4) a, (31.3) 


Ee, ) 4neqg? 


The corresponding expression in the Schwarzschild black hole is given by the fol- 


lowing expression [7]: 
eee ye ee (31.4) 
= n 3 a 
én) 4m€q2 


Here €, represents the proper radial variable: €, = i ao dr, r is the event 
horizon. ‘A’ represents the area of the horizon. The entropy of the scalar field in the 
Kerr black hole is half of the corresponding value in the Schwarzschild black hole. 
This is due to rotation and is consistent with the preferential emission of particles 
in the Kerr black hole with azimuthal angular momentum in the same direction as 
that of the black hole itself. We can obtain the Schwarzschild case expression by 
including a subleading term and taking the appropriate slow rotation limit [8]. The 
temperature in both the cases are chosen to be the Hawking temperature of the black 
holes. The expressions of the scalar field entropy contain two free parameters, the 
proper thickness of the thin shell and the proper brick wall cut-off parameter. We 
take the proper thickness of the thin shell to be of the order of atomic lengths. The 
other undetermined parameter is the proper brick wall cut-off. *t Hooft wanted to 
explain the black hole entropy in terms of the near horizon part of the matter field 
entropy and equated the two [9]. If we do so, the internal energy turns out to be 
finite: VU = 3M . This also determines the proper brick wall cut-off parameter. In the 
present case we then have: 


2. 
én = (ca)exp 10x (+) , (31.5) 
Dp 


Where /,, is the Plack length. If we take eg = 107!° cm, e, is given by the follow- 
ing expression in terms of the Planck length: «, ~ [10**Jexp(— 10°°)(1 p)- Thus, the 
brick wall is almost coincident with the horizon although the free energy is finite. 
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This is expected since there exists solutions vanishing on the horizon [7, 8]. These 
solutions are consistent with the brick wall boundary condition. We note that even 
in the extreme case of a thin shell of thickness comparable to the Planck length, the 
proper brick wall cut-off remains small compared to the thickness. However, in this 
case the semiclassical theory of quantum fields in a fixed background may not be 
appropriate. The back reaction problem is discussed in detail by Candelas and is not 
much important in the present case [11]. These discussions may become significant 
in the context of an entropy bound discussed later. 

The expression of the scalar field entropy in an asymptotically flat black hole is 
given by (31.3) or (31.4). This expressions have some important characteristics. The 
scalar field entropy in a Kerr black hole with off mass shell temperature is given by: 


16 3 1 2 2)4 1 : 
Cee) I (<). (31.6) 


15 6 (ry —r_)? eg? - Eh 

Where a is the angular momentum per unit mass and r_ is the inner horizon of the 
black hole. We find that the entropy is a decreasing function of the proper thickness 
even when the temperature is not given by the Hawking temperature. Thus, we may 
conjecture that the entropy of a scalar field in an asymptotically flat black hole 
background which is correlated with the horizon through the brick wall boundary 
condition has an upper bound and this upper bound is proportional to the horizon 
surface area when the temperature is taken to be the Hawking temperature. The 
magnitude of the upper bound is to be fixed by choosing a canonical value of the 
proper thickness of the thin shells considered in this article. This requires comparison 
with a theory of quantum gravity. We will discuss these issues later. The conjecture 
is expected to remain valid for the semiclassical theory of quantum fields in curved 
spaces where back reaction problem is not severe. This is unlike a previous expression 
of entropy considered in [7] which contains an infrared divergent part and can not have 
an upper bound. We could increase the entropy indefinitely by increasing the radial 
dimension and there was no upper bound for the entropy. We can verify the validity 
of the present conjecture by considering the spectrum of the solutions of the wave 
equation defined throughout the manifold and satisfying the brick wall boundary 
condition. We can use numerical methods for this purpose. These discussions are 
also important to the holographic principle in asymptotically flat spaces [12]. 

The logarithmic divergence in (31.3) and (31.4) is important to the Euclidean 
sector calculation of the scalar field entropy [10]. It reduces a quadratic and a quar- 
tic divergent expression to logarithmically divergent expressions. The logarithmic 
divergence is expected on physical grounds as discussed briefly in the introduction 
and in detail in [7, 8]. The Euclidean sector method contains a parameter which can 
be fixed by comparing with the Lorentzian sector expression obtained in the present 
article. This will remove the problem of unphysical divergences. Lastly, we can con- 
sider the scalar field entropy to give quantum correction to the black hole entropy 
and use (31.3) and (31.4) to renormalize the gravitational constant [13]. 
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Chapter 32 ®) 
PeV Neutrinos from Local Magnetars ra 


Rajat K. Dey 


32.1 Introduction 


The detection of PeV astrophysical neutrinos with IceCube detector has recently 
opened up a whole new window on the energetic Universe [1]. Here, we propose 
a viable physical model of the interactions taking place in source regions of these 
neutrinos. 

The possible origins of them have been discussed by many in recent times [2], 
but still remains a topic of much speculation. A fundamental question is therefore 
being raised: what classes of astronomical objects could accelerate hadrons, and in 
which types of interactions are neutrinos then produced? 

Acceleration of protons in the vicinity of young local neutron star surface with 
magnetic field (B ~ 10'4~!’ G), widely known as magnetars, is in fact supposed to 
be a possibility. The subsequent production of photomesons in radiative background 
proceeds, and was studied by many. Here, we have proposed an additional contribu- 
tion to the target photon fields from the PS mechanism. The PS process is expected 
to modify the radiative background. 

The P — B diagram, attains a phase when the star could pass a neutrino-loud 
regime [3]. If the spin-down power of a magnetar for a favorable set of P and B 
is consumed to accelerate protons, the object might emit PeV muon neutrinos (v,). 
The radiative background is believed to be filled with soft ultraviolet that are in turn 
produced from the effect of PS on magnetar’s unmodified radiative background. 
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32.2 Photon Splitting Process in the Magnetosphere 


The PS, aQED process that splits a high-energy photon into a pair of low energy pho- 
tons in presence of a pure magnetic field and/or magnetized plasma. The environment 
affects the rate by changing photo dispersion properties of the region. 

The PS may occur via various possible channels which are determined by the 
electric field vector (X), momentum vector (q) associated with a photon, and the 
magnetic field vector (B). The state “1” refers to a configuration where X is perpen- 
dicular to the plane containing q and B while ‘2’ corresponds the X being parallel 
to their plane. For low energy background target UV-C photons (Tin, = 0.1 — 0.2 
keV << m,c’) the only physical mode, y; > 72 + y2 is responsible for splitting 
and, thereby soften background photon spectra in the magnetized plasma. But in the 
absence of plasma, the physical mode, y; > y; + 2 is the significant one for PS 
over the channel, yj > y2 + 72. 


32.3. PeV Neutrinos from Magnetars: Physical Model 


It has been presumed that the protons and/or ions are injected, and accelerated in 
surrounding regions of cosmic accelerators. They interact with the radiative back- 
ground and subsequently PeV neutrinos and gamma-rays are generated following 
(32.1), 

p+ — pt+2y 


nxt —>nt+et+uetvu,+ vy G21) 


pty ata | 


The final products of all neutrino flavours turnintoaratioofve: vy: vp=1:1:1 
at earth. 

The neutron star (NS) remnant or merger that appears from massive binary NSs 
(M ~ 2Mo) coalescence, may form a millisecond magnetar with thin ejecta walls 
across polar caps in its very early phase. As the star receives huge angular momen- 
tum from the binary, it possesses a rapid rotation at the moment of its birth. These 
magnetars also have strong magnetic fields. Here, we suggest that the star may transit 
a state, when spin-down power is comparable with its magnetic power. 

The energetic protons will interact with soft UV photons close to the magnetar’s 
polar caps, the A resonance state may form. The energy of the modified target photons 
is2.8kT..(1 + Zg) ~ 0.01 keV, where z, ~ 0.4 being the gravitational red shift. Thus 
the proton threshold energy ép,1 for the A* resonance state ranges > 3 x 10!6 eV. 
The proton flux emitted from the polar cap region would therefore be 


Ppc ~ cfal — fa)noArc, (32.2) 


where Apc denotes polar cap area, and it is na (47 R?) with na accounts the ratio of 
polar cap area to the magnetar surface area. Some earlier calculations for estimating 
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proton/ion flux in pulsar’s polar caps took the parameter 7,4 as unity. The character- 
istic polar cap radius can be given by, rpc = R(2R/ c)'/?, and hence 7a takes the 
form 92R/(Ac). 

The charge-changing reaction goes on just ird of the reaction time, about three 
high-energy neutrinos (or a pair of v,,, v,,) will accompany with four high-energy 
gamma-rays on the average. The total flux of neutrinos then will be 


P(r ~ 1.2R) = 2cfeApe fall — fa)noPe; (32.3) 


with fz is 2/3. If now the duty cycle factor fa. of the muon neutrino is taken into 
account, the phase averaged v,, flux on the Earth from a magnetar at a distance D is 
given by 


RY? 
Dy x, ~ 2Wcfe fona facfsfaCl — fa)no (5) P. (32.4) 


The effect of neutrino oscillations is represented by the parameter f; (here, it is 
1/2). The factor f, is set equal to | for v,. 

We now calculate numerical values for v, flux using the formula in the (32.4) 
for a typical galactic magnetar with D ~ 2 kpc, P ~ 350 ms, Bis ~ 1.5, To.1 kev ~ 
0.0255, and fa. < 0.10 in cases when 74 = 1 and na = 922R/(4c). We have used 
here R = 10 km and choose Z = | and fy = 1/2. 

The v,, flux (E*oy,) is 6.03 x 10-!° in GeVem~*s~! for na = 1. This value is 
0.0009 x 10~!° according to na # 1 inGeVcm~7s~!. When compared with IceCube 
results, ie., ~2.4 x 107? GeVem~’s7!, these predicted values look quite low, par- 
ticularly for 74 # 1. IceCube has measured neutrino flux as E*$,,.+5, ~3~x 10-8 
GeV cm~* s~! sr7! corresponding to neutrino energy range 0.22 PeV. 


32.4 Conclusions 


The model suggests no possible indication of any statistically significant excess of 
PeV neutrino flux from the direction of any local magnetar to be observed by IceCube 
in near future. 
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Chapter 33 ®) 
Parton Distribution Functions of Proton cro 
in a Light-Front Quark-Diquark Model 


Tanmay Maji and Dipankar Chakrabarti 


In recent years, there have been a lot of activities to investigate the polarised PDFs and 
three dimensional structure of nucleons. Different model investigations gave many 
interesting insights into the nucleon structure [1, 2]. Light front AdS/QCD predicts 
a particular form of wave function for a two body bound state [3] which can predict 
many interesting nucleon properties in quark-diquark model. Light front AdS/QCD 
wave function also encodes the non-perturbative ingredients of nucleons. Recently, 
the light front wave functions (LFWFs) for the nucleons in quark-scalar-diquark 
models [4, 5] have been constructed from the light-front AdS/QCD prediction. In 
[6], the contribution of vector diquark is included considering the spin-flavour SU(4) 
structure and different properties of nucleons are studied in detail. In this paper, 
we present the important predictions of the model of [6] and compared with avail- 
able data. 


PDFs in Light-Front Quark-Diquark Model 
In the quark-diquark model, the nucleon is treated as a bound state of a quark and a 
diquark. The proton state is written in the spin-flavour SU(4) structure as 


|P; +) = Colu 8°)* + Cy|u A°)* + Cyyid Al. (33.1) 


where |u S°), |u A°) and |u A°) are two particle state with isoscalar-scalar, isoscalar- 
axial vector and isovector-axial vector diquarks respectively [1]. The states are written 
by the two particle Fock state expansion with J* = +1/2 for both the scalar and the 
axial vector diquarks. We adopt the LFWFs py” (x, p,) from soft-wall AdS/QCD 
prediction [3] and modify as 
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w log(I/x) y » Py, log(1/x) 
ep, pL) = au i — x) exp | 5 x3 = =a (33.2) 


The wave functions y’ (i = 1, 2) reduce to the AdS/QCD prediction for the parame- 
ters a = by = O and 6” = 1.0. We use the AdS/QCD scale parameter k = 0.4 GeV 
as determined in [4] and the quarks are assumed to be massless. The parameters are 
fixed by fitting the Dirac and Pauli form factors. More detail of this formalism is 
given in [6]. 

The parton distributions encodes the probability of finding a quark having light- 
cone momentum fraction x = pt /P* in a proton. The PDFs are defined, at equal 
light-front time zt = 0, as 


eM (x) = s/s de pivt 2p. Sb (OPW ,qv (IP; S) ; 
2@n)" cheer a0 


(33.3) 


where different Dirac structures e.g., 7 = y+, y*+7> and io/*+ 7° gives unpolarized 
PDF f; (x), helicity distribution g; (x) and transversity distribution h ; (x) respectively. 
|P; S) is the proton state having spin S and momentum P. The quark fields 7 and 
w, at two different points z~ and 0, are connected by a Wilson line Wio,z}- At the 
light-cone gauge At = 0 the Wilson line becomes unity. 

Since the different experiments have different energy scales, scale evolutions of 
PDFs are needed to compare with the experimental data. We simulate the DGLAP 
evolution of the PDF by making the parameters in the unpolarized PDF scale depen- 
dent where the values of the parameters at jig are the same as in the LFWFs. The scale 
evolution in this model is discussed in [6]. The explicit expression of unpolarised 
PDFs are given as 


2a (uw)—-2 (4 __ 2b5 (u)+3 
xa) (J — xi li Kx (1 —x)™ | 


fi, pw) = Ni lsc ) (5” ())2M2 In(1/x) 


with a flavour v and scale pp. Ny, (1) is the normalization constant. The model pre- 
diction for unpolarized PDFs, at the scale 2 = 10 and 10* GeV?, are shown in 
Fig. 33.1(left column) for u and d quarks. We compare our result with the experimen- 
tal data and phenomenological extractions e.g., HERAPDF15(nnlo), NNPDF21(nnlo) 
and MSTW2008(nnlo). The PDFs are measured by the H1 and the ZEUS collab- 
orations from the QCD analysis in exclusive e~ p scattering at the HERA [7]. The 
NNPDF provides unpolarised PDFs at the next-to-next leading order (NNLO) using 
the Neural Network approach to the deep-inelastic data [8]. The MSTW2008 pro- 
posed phenomenological PDFs from the global fit analysis of hadron scattering data 
at LHC [9]. 

Helicity PDF g; (x) provides the information about longitudinal polarized quark. 
The model prediction for the helicity PDFs are shown in Fig. 33.1(middle column) 
at 2 = 1 GeV’. The error bands in this model (yellow) come from uncertainties in 


33 Parton Distribution Functions of Proton ... 153 


rfi(x) 
xgi(x) 


down 


xfi(x) 


agi(e) 
th,(z) 


1 0 0.2 0.4 0.6 0.8 1 


x x © 


Fig. 33.1 Model prediction of xfi(x), xgi(x) and xh\(x) are shown by the continuous lines 
(red) for both « and d quarks. Left column: unpolarized PDF at 4:7 = 10 and 10,000 GeV? and 
compared with experimental data and the phenomenological extractions [7-9]. Middle column: 
helicity distribution at 2 = 1 GeV7. Last column: transversity distribution at :2 = 2.4 GeV? 


Table 33.1 Axial charge g’, at 2 = 1 GeV? and tensor charge Grp at pw? = 0.8 GeV? are listed and 
compared with the measurements [11, 12] 


I I gA ot If gr 
LFQDM 0.71 + 0.09 | —0.5470 53 [1.254938 fo.37tePe =| 0.147502 | 0.517517 
Measurement] 0.82 +0.07|-0.45+ | 1.27+0.14|0.597913 | —0.20°9- | 0.797039 
0.07 


the model parameters and error bands in phenomenological extractions (gray) are 
from a constant relative error of 10% to gi and 25% to g{ in the data taken from [10]. 
The axial charges, g4 = gy — ree which are obtained from the first moment of the 
helicity distributions are given in Table.33.1 and compared with the measured data 
[11]. The model predictions agree with the experimental data within the error bars. 
The probability of finding a transversely polarized quark is given by the transversity 
PDF h,(x). The model predictions are shown to agree with the experimental data 
[12], see Fig. 33.1(ast column), at fis = 2.4 GeV’ for both u and d quarks. The first 
moment of the transversity distribution gives the tensor charge denoted by gr. The 
model again predicts the tensor charges quite accurately as shown in Table.33.1 and 
fall within the uncertainty bands of the phenomenological fits for both u and d quark 
[12]. We observe | 97 |<| g4 |. The scale independent ratio | gt /g7 |= 0.38 is very 
close to the phenomenological prediction [12]. This model also satisfies the Soffer 
bound |h{ (x, 4)| < s[ AV, BL) + gf, L)| at an arbitrary scale [13]. 

We show the prediction of the unpolarised and polarised PDFs in the quark- 
diquark model where the wave function is constructed from the soft-wall AdS/QCD 
prediction. Light-front AdS/QCD can accurately predict the PDF evolution up to a 
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very high scale (47 = 10* GeV). The helicity and transversity PDFs are calculated 
as predictions of the model and have good agreement with the available data. The 
transversity distribution satisfies the Soffer bound. Our model reproduces the exper- 
imental values of axial and tensor charges quite well. 
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Chapter 34 Mm) 
Extended Scaling in Neutrino Majorana cro 
Mass Matrix 


Probir Roy 


34.1 Introduction 


We focus on the observed three neutrino mixing and not so much on the dynamics 
of O(eV) neutrino Majorana masses. In standard notation 


1 = 
on = aU Mv dimYm + h.c., U'M,U => M‘ = diag (m,, Mo, m3), 
(34.1) 


with m; assumed to be real, positive and nondegenerate. The charged lepton mass 
matrix is taken as diagonal. Upyys has the standard form [1] 


c12€13 e! 2 sy2¢13 syetO-D 
—sine3 — craseasise” ef 2 (c12003 — siasissnse!) —cigsose!2 (34.2) 

512523 — €12513C23e” e! 3 (—c19593 = 512813C23e!°) €13C23e" a: 
with cj; = cos 6;;, 5;; = sin 815915 = — ee ],6,a, 6 = [0, ae The latest relevant 
30 aaneee [2] are: solar: Am, = we eats 02-8.09) x 10-> eV?, atmospheric: 


|Am3,| = = |mz — mi |: (2.32-2.59) x io V2, Planck: Xm; < 0.23 eV. The 30 
intervals of the mixing angles are [2]: 012: 31.29°-35.91°, @3: 38.3°-53.3°, 613: 
7.87°-9.11°. 


The Simple Real Scaling oe) was first proposed Bl as an ansatz. Within 


' : . R8)eu (MEP) RS) : 
our sign convention, this means = Sa = CMBR), = Meee =k, k being a 


real, positive, dimensionless scaling factor. It follows that [3] one physical neu- 
trino is massless and the corresponding eigenvector, i.e. the third column of Upyws, 
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is (C3R)T = (0, (1+ ?)-2e'®, (1 +k?) 2") implying that m§*5 = 0 = ofF5 
while 634% is left undetermined. This SRS proposal got knocked out by the experi- 
mental exclusion of a vanishing 63 at the 10c level [4]. 


34.2 Residual Flavor Symmetry and Complex Extended 
Scaling 


M, has aresidual Z2 x Z/ flavor symmetry [5].Z2 : G} M,G2 = M,, Z, : G{ MLG3 
= M,, Go,3 being unitary. Identify Z, as Z“""* and deduce the form of GS“""® as 
given in [6]. The complex extension of this is [6]: G Coe M, Guan _ = M;. Now the 
most general Complex Extended Scaling (CES) jnvaciait form of M, is 


x =a yy +iys 
- Yo 2 z je 
MOPS = | ~yk+i% z-w F 1 izg wise (34.3) 
yi t+iyo w—ike Z1 +122 


with six real mass dimensional parameters x, y) 9, Z;,2 and w apart from the scaling 
factor k. It follows that [6] 


Gyre (UCFS)* — USFS, d = diag (dy, do, ds) (34.4) 
withd 1,2,3 = +1. The exploitation of (34.5) and the element by element identification 


of USFS with the Upyys of (34.2) yield d;) = —1, d) = e~® and d3 =e), 
Furthermore, the input c;2 4 0 leads to the results [6] 


0 = sina = sin 8 =cos6, tan6.,3 =k". (34.5) 


Thus Majorana CP violation is absent, Dirac CP violation is maximal and the devi- 
ation from maximality in 423 is controlled by the deviation of the scaling factor k 
from unity. 


34.3 Phenomenological Discussion 


By inputting the observed 30 ranges of Am}, |Am3, |, 012, 823 and 613 as well as the 
cosmological upper bound on »m;, the allowed mass ranges for a normal (m3 > 
mz > my,) and an inverted (m2 > m2 > m3) mass ordering of the light neutrinos 
have been worked out [6]. For a normal mass ordering, we obtain 9.2 x 107* eV < 
m, < 0.071 eV, 0.01 eV < mz < 0.077 eV and 0.051 eV < m3 < 0.082 eV. For 
the inverted case we have 0.051 eV < m, < 0.085 eV, 0.049 eV < m2 < 0.079 eV 
and 8.2 x 10°-> eV < m3 < 0.068 eV. Next, the relevant quantity for 0v GG decay is 
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Fig. 34.1 Plot of |M¥.| versus the lightest neutrino mass: the top two figures are for (di, ad, d3) = 
(—1, 1, 1) left) and (-1,1,-1) (right) while the figures in the lower panel are for (d,, dz, d3) = 
(—1, —1, 1) eft) and (—1, —1, —1) (right) 


given by 
(Mu eo = C2,c7,m1 + 57,c7,moe'® + si,mze!O-9, (34.6) 


There exist [6] four possibilities in our model. The corresponding mass bands are 
shown in Fig.34.1. The upper and lower bands are for a normal (plotted against 
m,) and for an inverted (plotted against m3) mass ordering respectively. Only the 
extreme right corners of these plots will be accessible to forthcoming experiments 
such GERDA. 
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Chapter 35 ®) 
Non-universal Z’ Boson Effects in Rare he for 
Radiative Decay B9 > pty 


Debika Banerjee, Priya Maji and Sukadev Sahoo 


35.1 Introduction 


In the current scenario, several experimental results from different accelerators have 
reported several anomalies around 3c in B meson sector [1, 2]. These anomalies 
indicate the presence of new physics (NP) effects which need precise theoretical 
as well as experimental analysis. The rare decays of B mesons such as B° ind 
I*I~ are important to probe the flavour sector of the standard model (SM) and to 
search NP beyond the SM. In particular, the rare radiative decays B° > /*/~7 are 
of special interest due to the presence of additional photon with the lepton pair in 
the final state removes the helicity suppression and promotes a large branching ratio 
(BR). B° + I*1~7y decays can be obtained from b > s/*/~ transition by attaching 
a photon to any charged internal and/or external fermion lines in it. In case of photon 
emitted from initial quarks, the structure dependent (SD) part [3, 4] contributes 
more for the transition amplitude of B° — I+/~+ decays because of the absence of 
helicity suppression. Whereas for other situation, when the photon is emitted from 
external charged leptons, the internal Bremsstrahlung (IB) part [3, 5] adds small 
contribution to the total transition amplitude because it is proportional to lepton mass. 
To calculate the total transition amplitude we include both parts. The SM prediction 
for the branching ratio of B° > p+ p~7y decay is 1.9 x 10~° [6]. In this paper, we 
investigate the effects of non-universal Z’ boson on the B° > y+ p~7¥ decay to dig 
out the NP contributions. Non-universal Z’ bosons exist in many theories beyond 
the SM [7] such as grand unified theories (GUTs), superstring theories and theories 
with large extra dimensions. The mass of Z’ boson is not known as it is not detected 
in experiments so far. However, there are strict limits on the mass of Z’ boson and 
the Z — Z’ mixing angle 6 from the non-observation of direct production at the CDF 
[8] and indirect constraints from the precision data [9]. Tree level flavour changing 
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neutral current (FCNC) interactions can be induced by an additional Z’ boson as a 
result of the non-diagonal chiral coupling matrix. Here, we study the coupling of 
Z' boson with leptons and quarks. In the next section, we present the mathematical 
formalism to calculate the branching ratio of B° > p+ p~y decay in the Z’ model. 


35.2 Mathematical Formalism 


The total matrix element for B° — j* yy decay can be obtained by adding the SD 
[3, 4] and IB [3, 5] part together, i.e. M = Msp + M7p and hence squared matrix 
element is, 

| M P=| Msp  +| Mig ? +2Re(MspM7,). (35.1) 


The corresponding differential decay width of the B° > p+ 1-7 is given as [3], 


|? m3 A, (35.2) 
where, 


4 bao : 
A = zmp, (1 — 8) (6 + 27))(| Ar? +1 BP) + @ = 477) Ad P +1 BaP) 


— 641( £8, 1)/(m, (1 — 8))ICTo [un 3? - 1 


1+, 
n 
l-vy 


+250 32r)(1 — 5)? fp, Re(CioA¥) 
(35.3) 


Let us consider the B° + y*p~y decay process in non-universal Z’ model 
[7].The effective Hamiltonian for b — s/*/~ transition corresponding to Z’ part 
can be written as [10]: 


4G , ; 
Hepp (Z') = ——= Vin Vt LAsoC¥ Oo + AsoCZ Orol, (35.4) 
/2 
4rre7 sb Zz Zz! 
where, As, = ——, Cy =| Bso | Su, Cio =| Bs | Dus. (35.5) 
aVip Vi 


In the above expressions, the S;; and Dj are associated with the couplings of Z’ 
boson with the left- and right-handed leptons respectively, B,;, corresponds to the 
off-diagonal left handed coupling of quarks with Z’ boson and ¢,, is a new weak 
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phase. Hence, the effect of non-universal Z’ boson can be obtained by modifying the 
SM Wilson coefficients Co and Cjo as: 


CEMtZ’ = CLT 4 Ass | Bow | Sits (35.6) 


COA = Cio + Asp | Bes | Dur, (35.7) 


35.3. Numerical Analysis and Discussion 


In this section, we calculate the branching ratio for B° > z+ ~y decay in non- 
universal Z’ model. The values of Z’ boson coupling parameters are obtained from the 
analysis of B > X,u*p [11], B > K*ptp [12], and B > pty [13] decays. 
The numerical values of all other parameters are taken from Particle Data Group 
[14]. Using all the required input parameters with three scenarios of Z’ parameters 
we get: for Scenario 1, i.e. | B,, |= 5.5 x 1073, dp = £160°, Sy, = 0.8 x 107? and 
Di = —2.6 x 10-7, the estimated BR (B° > ptpy~y)= 1.0 x 10-; for Scenario 
2, ie. | By |= 4 x 1073, dsp = £150°, Sy = 0.8 x 1073 and Dy = —2.6 x 1073, 
the estimated BR (B° > pp y= 1.8 x 10°; for Scenario 3, i.e. | By, |= 3.5 x 
1073, dsp = £140°, Sy = 0.8 x 10-? and Dy = —2.6 x 10~?, the estimated BR 
(B° > ptp-7)= 3.1 x 107°. The estimated BR for B > p+ p~7y decay depends 
on the Z’ coupling parameters severely. Scenario | and 3 clearly distinguish between 
NP contributions and SM result. Therefore, the detection of B > yt y~7y decay in 
present/future colliders would explain the presence of NP predictions explicitly. 
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Chapter 36 Mm) 
Bulk Viscosity Coefficient of Hadronic cro 
Matter 


Sabyasachi Ghosh, Sandeep Chatterjee and Bedangadas Mohanty 


36.1 Introduction 


Recent research of heavy ion physics has concluded that the medium, formed in 
relativistic heavy ion collisions, must have very small shear viscosity, which is in 
contrast to the weak coupling picture, described by the standard finite temperature 
calculation of quantum chromo dynamics (QCD). Owing to this motivation, several 
microscopic calculations of shear viscosity have been done in recent times. Estima- 
tion of other transport coefficient like bulk viscosity of this strongly interacting matter 
is also becoming a contemporary research interest. In this context, this present article 
has addressed the bulk viscosity calculation for hadronic matter, where equilibrium 
thermodynamics for all hadrons in medium are described by Hadron Resonance Gas 
(HRG) model. The non-equilibrium part involving the thermal widths of medium 
constituents have been calculated by using effective Lagrangian densities for the 
hadronic medium. Here we have assumed pions and nucleons as the most abundant 
constituents of the hadronic medium and we have calculated their thermal widths, 
which basically reflect their in-medium scattering with different mesonic and bary- 
onic resonances. 
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36.2 Formalism 


For the equilibrium part of the medium, we have used the ideal HRG model, where 
the hadrons and resonances with masses up-to 2 GeV have been taken from the 
Particle Data Book. Constructing total partition function of hadronic medium, one can 
easily derived all thermodynamical quantities like pressure (P), energy density (€), 
entropy density (s). Their temperature dependence at zero baryon chemical potential 
(tg = 0) are quite close to the corresponding results in the hadronic temperature 
domain, obtained by the lattice quantum chromo dynamics (LQCD) calculations [1]. 
In terms of P and e¢, the square of the speed of sound for constant baryon density 
(ng) is defined as ve = (2). , plays an important role in bulk viscosity calculation. 
Either from the Relaxation Time Approximation (RTA) in kinetic theory approach or 
from the one-loop diagram representation in Kubo framework, one can get standard 
expressions of bulk viscosity coefficient for pion and nucleon components [2]: 


8x Gk a (iemi ffl. <2\.3. 4 al 
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wheren, = 1/{e**/? — 1} withw, = {k? + m2}!/? for pion, ny = 1/{e@xFHe/T + 
1} with wy = {k? + m*}'/ > for nucleon and their respective degeneracy factors are 
87 =3 and gy = 2 x 2. The m,, my stand for masses of pion, nucleon and their 
momenta are denoted by k. The I, and I‘y are thermal widths of pion and nucleon, 
which have been calculated from the imaginary part of their self-energies (on-shell) 
at finite temperature. We have considered different mesonic and baryonic loops for 
pion self-energy, whereas, pion-baryon intermediate states are taken in nucleon self- 
energy [3, 4]. 


36.3 Results and Conclusion 


Using the explicit momentum k, T and jug dependent thermal widths of pion and 
nucleon in the integrands of (36.1) and (36.2), we can calculate bulk viscosity of pion 
and nucleon components respectively. Adding these two components, we get total 
bulk viscosity, which is plotted in the left panel of Fig. 36.1a. The entropy density s, 
obtained from HRG and the ratio ¢/s are also drawn in the left panel of Fig. 36.1b and 
c, which reveal their temperature dependence at jug = 0 (solid line), 0.250 (dotted 
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Fig. 36.1 Left: T dependence of bulk viscosity (a), entropy density (b) and their ratio ¢/s (c) at 
Lp = 0 (solid line), 0.250 GeV (dotted line) and 0.500 GeV (dash line). Right: Variation of same 
quantities ¢ (a), s (b) and ¢/s (c) with the variation of center of mass energy (./Syw) 


line) and 0.500 GeV (dashed line). We notice that ¢ and s both increase with T and 
[tg. Whereas, ¢/s is a decreasing function of T (but still increase in jug) because the 
increment of s(7) is larger than the increment of ¢(T). 

Next, right panel of Fig. 36.la—c show respectively the variation of ¢, s and ¢/s 
with the variation of center of mass energy ,/Syy We have used the parameterization 
from [5], where beam energy dependence of T and jug used in computation are those 
obtained from fits to hadron yields. We notice in the right panel of Fig. 36.1 that 
¢ (a) as well as ¢/s (c) are decreasing with ./syw, which is qualitatively agreeing 
with the results of earlier [6]. The decreasing trend of ¢ and ¢/s with ./s can be 
understood from the fact that j1g decreases with ./s while T remains fairly constant 
in the range of ./s analyzed here and the ¢ and ¢/s decrease with decreasing of jug 
as we have noticed in the left panel of Fig. (36.1). At wg = 0, the decreasing nature 
of our ¢/s(T) agrees with most of the earlier works as addressed elaborately in [4]. 
However, some investigations have reported it to increase with T and some time also 
have a peak structure near transition temperature [7]. 
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Chapter 37 
Higgs Searches via WW Decay Channel sheet 
Using the CMS Detector 


Ankita Mehta 


37.1 Introduction 


During the year 2012, the CMS [1] and ATLAS experiments at the LHC reported 
the discovery of a new boson with a mass near 125 GeV and having production and 
decay rates, spin, parity and coupling strengths consistent with those expected for the 
Standard Model (SM) Higgs boson within uncertainties [2, 3]. The SM Higgs boson 
is aneutral scalar particle predicted to arise from the Higgs field and is responsible for 
the electroweak symmetry breaking. At the LHC, the Higgs boson can be produced 
in several ways: gluon-gluon fusion, vector boson fusion, in association with a W/Z 
boson or a top quark pair. 

This article reports the latest measurement on SM Higgs boson produced via 
gluon-gluon fusion mode and decaying to a pair of W bosons, at a center of mass 
energy of 13 TeV. The analyzed data corresponds to an integrated luminosity of 2.3 
fb! collected during proton-proton collisions at the CMS detector [4]. The leptonic 
decay of WtW7 is studied into an oppositely charged electron-muon (e/1) pair 
with missing transverse energy ie) (coming from neutrinos), and in association 
with either zero or one jet. The major background contribution arises from the non- 
resonant WW production and top quark events (tt and single top quark), followed by 
other processes such as Drell-Yan, W+jets and electroweak productions. 
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37.2 Analysis Strategy 


The events are triggered using the single or double lepton triggers. Offline event 
selection criteria demands the presence of exactly one electron and one muon with 
opposite charges and a minimum py of 10 (13) GeV for the muon (electron) candidate. 
The two well identified and isolated leptons must originate from the primary vertex 
of the event and leading lepton should have a pry greater than 20 GeV. The invariant 
mass of the two leptons (my) is required to be greater than 12 GeV. Background 
processes involving multiple bosons and hence more than two leptons in the final 
state are suppressed using an additional lepton veto which rejects the events having 
three or more identified and isolated leptons with pr > 10 GeV in the final state. 
To suppress the background arising from the Drell-Yan process, Ee of the event 
is required to be greater than 20 GeV. The di-lepton transverse momentum (pt) is 
required to be greater than 30 GeV to further reduce the contributions from Drell-Yan 
and the non-prompt lepton backgrounds. The contribution from top quark processes 
is reduced by requesting that no jets with py > 20 GeV are recognized to originate 
from the hadronization of a b quark. 

Events are categorized according to different jet multiplicities, counting jets with 
pr > 30 GeV. The zero jet (0-jet) category is dominated by the non-resonant WW 
background, while in the one jet (1-jet) category receives similar contributions from 
non-resonant WW and top quark events. To disentangle another important back- 
ground, W-+jets, where one jet is misidentified as a lepton, the 0-jet and 1-jet cate- 
gories are further split according to the flavour of highest pr lepton in the event: eu 
and je. 

To extract the Higgs boson signal, the same strategy as in the Run-I analysis [5] 
is followed. Due to the presence of neutrinos, the Higgs boson invariant mass could 
not be reconstructed but the expected kinematics of the Higgs boson production 
and decay could be explored. Given the spin 0 nature of the SM Higgs, the two 
charged leptons are emitted close to each other. Also, the invariant mass of the 
two leptons in the signal is relatively small as compared to the one expected for 
a lepton pair arising from other background processes. The Higgs transverse mass 
n= V 2ptEMiss (1 — cos Ad (Il, EM’), where Ag (Il, EMSS) is the azimuthal angle 
between the di-lepton system and the ee could be used to disentangle signal from 
background events. An analysis based on bi-dimensional templates of my versus 
mi is performed to extract the Higgs signal. Background shapes and normalizations 
are estimated from the data, wherever possible. The non-prompt lepton background 
contribution is estimated from the data by measuring the lepton misidentification rates 
in a background enriched control sample of events, and extrapolating its contribution 
from this control region to the signal phase space. A low m#! phase space control 
region is defined to extract the normalization of Drell-Yan process, and events with 
at least one b-tagged jet for the top quark events. 
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37.3 Results 


The final binned fit is performed using template histograms for signal and background 
processes obtained after all aforementioned selection criteria are applied. The sig- 
nal and background templates, as well as the distribution observed in the data, are 
shown in Fig. 37.1 for the 0-jet and 1-jet, we and ey categories. Combining the four 
categories the observed (expected) significance is 0.70 (2.00) fora SM Higgs boson 
with a mass of 125 GeV. The corresponding best fit signal strength, 0 /osm, which is 
the ratio of the measured H+ WW signal yield to the expectation for the SM Higgs 
boson, is 0.3 + 0.5. 
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Fig. 37.1 Bi-dimensional distributions of the my and mi templates in the 0-jet (top) and 1-jet 
(bottom) and jie (left) and ey (right) categories at the level of WW selection. The bi-dimensional 
templates ranges are 10 < my < 110 GeV and 0 < mH < 200 GeV with 5 bins in my and 10 bins 


in mi, The distributions are unrolled to one dimensional histograms such that identical values of 


mi are in adjacent bins [4] 
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Chapter 38 M®) 
Digital System for Multi-parametric creek 
Analysis in Physics Application 


Massimo Venaruzzo 


38.1 Introduction 


In recent years, the use of waveform digitizers for readout of radiation detectors 
has become popular in many different physics applications: the conventional analog 
electronics is going to be replaced by a full digital approach, where the detector output 
(with or without preamplifier, depending on the detector type) is directly connected 
to the digitizer input. This approach is especially beneficial in multi-parametric 
acquisition systems, where the analysis involves different quantities and parameters, 
such as energy, pulse shape and timing. In fact, thanks to Digital Pulse Processing 
(DPP) it is possible to apply dedicated algorithms on-line (typically in the FPGAs), 
which are designed to extract the information of interest from the raw waveform and 
allow the digitizer to implement in “one single box” the different functionalities of 
the old fashion TDC, QDC, Peak Sensing ADC, discriminator and other analog and 
logic modules [1]. Furthermore, the DPP allows the digital readout to be sustainable 
in terms of data throughput by eliminating the need to read out the full waveform, 
while retaining the capability to read out the full waveform for debugging and/or 
configuration purposes. This results in an “all-in-one, multi-parametric digital 
DAQ for physics applications”. 
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38.2 Overview of the Digital Pulse Processing Algorithms 


CAEN has designed a complete family of digitizers that consists of several models 
differing in sampling frequency, resolution, number of channels, form factor, memory 
size and other parameters. In addition, CAEN developed also different digital pulse 
processing algorithms that allows the user to extract a set of significant information 
like energy, precise timing, PSD and so on. They are: 


e Pulse Height Analysis (DPP-PHA): Digital MCA. The DPP-PHA firmware eval- 
uates the input pulse energy implementing a digital trapezoidal filter [2] on the 
input pulse, which replaces the traditional analog chain of shaping amplifier and 
peak sensing ADC [3]. The digitizer is therefore directly connected to the charge 
sensitive preamplifier, with no need of additional devices [4]. 

e Charge Integration and Pulse Shape Discrimination (DPP-PSD): Digital QDC 
and 7y-n discrimination. The DPP-PSD firmware is the digital version of the 
analog chain made of Charge Integrating ADC (QDC), Discriminator and Gate 
generator. In addition it implements a dual gated charge integrator, typically used 
for the separation of the fast and slow components of the signal (e.g. neutron-7y 
discrimination in liquid scintillators) [3, 5]. 

e Timing Measurements: Digital CFD. The DPP-PSD firmware implements also 

a fast timing filter, a digital Constant Fraction Discriminator (CFD), with a linear 
interpolation of the waveform at the output of the filter thus allowing a very good 
resolution in high precision timing measurements. 
If we consider an ideal signal without any electronic noise, the precision in finding 
the zero crossing depends on two factors: the Interpolation Error E; (geometric 
error) due to deviation of the straight line from the actual pulse curve and the A/D 
Quantization Error E, that affects the value of the two points used for the linear 
fit. The resolution of the fine time stamp is affected by the rising edge of the input 
signal, the sampling rate of the digitizer and the pulse amplitude compared to the 
LSB of the ADC (and so the number of bits of the ADC). Advanced calibration 
techniques for the E; compensation has been implemented allowing, with our 
top level digitizer DT5730 (14bit - 500 MS/s), exceptional timing performance 
with rising edges as fast as | ns. Table38.1 is a synthetic report of the timing 
tests performed in CAEN with the different signal sources (either generators or 
detectors). 


38.3 Conclusions 


Tests performed with a DT5730 (14 bit, 500 MS/s waveform digitizer) demonstrate 
that the digital CFD algorithm fully implemented on-line in the FPGA of the digi- 
tizer is capable of producing outstanding intrinsic resolution (2-10 ps RMS) when 
reading ideal signals coming from pulse generators with leading edge ranging from 
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Table 38.1 Timing resolution with different input pulses 

Test E,corr Rise time (ns) | Amplitude (mV) | AT Mean| AT sigma (ps) 
450 11.21 9.5 
450 11.23 10.1 


Pulse generator Enabled | 1 


Pulse generator | Enabled | 5 


Pulse generator | Enabled | 20 450 11.27 1.9 

BaF> to BaF Disabled | 1.3 130 11.15 538 
BaF> to BaF2 Enabled 1.3 130 11.04 107 
BaF2 to LaBr3 Enabled | 1.3/15 130/200 11.23 10.1 


20 down to | ns and aconsiderable resolution with fast real detectors, featuring about 
75 and 170 ps RMS with BaF, and LaBr3 respectively (leading edge of 1.3 and 15 
ns). Advanced calibration algorithm is applied to correct the interpolation error that 
dominates the timing resolution, especially in the cases where the rising edge of the 
signal is as fast as the sampling period or even faster. These tests prove that good 
time resolution can be achieved when one single point is taken from the leading 
edge of the signal, provided that the ADC has enough amplitude resolution (number 
of bits). In conclusion, a waveform digitizer with on-line Digital Pulse Processing 
is a high performance, “all-in-one” solution able to replace a multitude of conven- 
tional modules (CFD, TDC, QDC, peak ADC, Logic Units, etc.) in Multi-parametric 
acquisition systems for Nuclear Physics Applications. 


References 


— 


W.R. Leo, Techniques for Nuclear and Particle Physics Experiments (Springer, Berlin, 1994) 

2. V.T. Jordanov, G.F. Knoll, Digital Synthesis of pulse shapes in real time for high resolution 

radiation spectroscopy. NIM A 345, 337 (1994) 

G.F. Knoll, Radiation Detection and Measurement (Wiley, New York, 2010) 

4. CAEN S.p.A., UM3182 - DPP-PHA and MC2Analyzer User Manual, http://www.caen.it/ 
servlet/checkCaenManualFile?Id=12187 

5. CAEN S.p.A., UM2580 - DPP-PSD User Manual, http://www.caen.it/servlet/checkCaen 

ManualFile?Id=11970 


ies) 


Chapter 39 Mm) 
Search for Supersymmetry in Vector creche 
Boson Fusion Topology Using 

Proton—Proton Collision Data at the LHC 


Priyanka Kumari, Amandeep Kaur Kalsi, Nitish Dhingra, 
Vipin Bhatnagar and J. B. Singh 


39.1 Introduction 


With the outstanding performance of the LHC machine, Standard Model (SM) dis- 
covered its long-sought “Higgs” particle in July 2012, which proved to be the biggest 
success for the SM as well as for the CMS [1] and ATLAS [2] experiments at LHC. 
But some mysteries like unification of forces, neutrino oscillations, matter-antimatter 
asymmetry and dark matter etc. remain unexplained. In order to solve such mysteries, 
various extensions of the SM have been developed by the physicists. One of them 
is known as Supersymmetry (SUSY) [3, 4] that associates every SM fermion with 
its “super-partner” boson and vice-versa. The SM and SUSY partners can be dis- 
tinguished by a discrete quantum number called R-Parity. The R-parity conserving 
models [5] involve a weakly interacting particle known as the Lightest Supersym- 
metric Particle (LSP) which gives rise to transverse momentum imbalance (ene) 
in the detector and is considered to be a good dark matter candidate. SUSY searches 
have set limits on masses of gluinos and Ist/2nd generation squarks of the order of 
1.7 TeV [6] while the limits on {7/9 are relatively weaker in compressed-mass- 
spectra. In this paper, the search for electroweak SUSY in VBF topology is presented 
at ./s = 8 TeV. Some prospects with Run? data at ./s = 13 TeV are also discussed. 
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Fig. 39.1 Left: [7] Chargino—Chargino pair production by VBF processes, Right: [8] mj; distri- 
bution in the signal region obtained by combining all final states 


39.2 Analysis Strategy 


The VBF processes are characterized by the presence of two forward jets in opposite 
hemispheres of the detector with large dijet invariant mass and large pseudorapidity 
gap. It provides a complementary tool to probe compressed-mass SUSY spectra and 
offers a unique handle for background suppression. Figure 39.1 (left) shows one of the 
representative Feynman diagram for pair-production of charginos in VBF processes 
where charginos decay to two 7-leptons through 7s (same-sign or opposite-sign) 
and LSP. The SUSY search with 8 TeV data was performed in the 8 final states 
consisting of opposite-sign/same-sign lepton pairs in association with forward jets 
namely: pujj,eujj, U™mjJj and TT, jj. Event selection criteria is divided into 2 
parts: Central selections and VBF selections. The central selections require the event 
to have two isolated leptons with pr > 30/45 GeV (1/7), |n| < 2.1, AR(, l2) 
> 0.3 and nee > 75 GeV (>30 GeV only for 7,7),j). WBF selections requiring 
the presence of two VBF jets in opposite hemispheres (77; * 7 < 0) with pr > 30/50 
GeV (Loose/Tight signal regions) and |7| < 5.0, reduces the background rate by a 
factor of 10~?-10~*. The b-jets with “combined secondary vertex loose” (CSVL) 
are vetoed to suppress tf background. The selected events are required to have a dijet 
candidate with mj; > 250 GeV. Control regions are defined by some modifications 
in the nominal selection cuts to measure VBF efficiency and mj; shapes from data 
in such a way that mj; distribution remains unbiased. The data was found to be 
consistent with SM backgrounds predictions within uncertainty after combining all 
the final states as shown in Fig. 39.1 (right). 

We are heading towards high luminosity of pp collision data at ./s = 13 TeV, 
where focus is on single lepton final state namely: jj, ejj and 7 jj. This search 
includes new invisible VBF trigger to get large signal efficiency. Signal selection 
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Fig. 39.2 Left: [8] Combined 95% CL upper limits on the cross section for scenario having 7 
closer to Ms /50 ie. Am(Xy;,7) =5 GeV for large mass gap scenarios where m3o = 0 GeV 
(yellow band) and the compressed mass scenario having a mass difference between chargino and 
LSP to be 50 GeV (green band), Right: [8] 95% CL on EWKino mass = 300 GeV for scenario 
having m; = 0.5m y+ + 0.5m x0 


has been optimized for best signal significance and estimation of backgrounds using 
control regions is under progress to extend our reach substantially. 


39.3 Results and Discussion 


For the R-parity conserving MSSM models, results are simplified in four scenar- 
ios divided on the basis of masses of stau and LSP. The average mass assumption 
(mz = 0.5m + 0.5m x) with uncompressed mass spectra (m = 0) eliminates the 
possibility of x7 / xo with masses less than 300 GeV, and masses upto 170 GeV for 
compressed mass spectra (m+ — mxo = 50 GeV) with T mass close to chargino 


mass i.e. Am(X;, 7) = 5 GeV as shown in Fig. 39.2. 
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40.1 Introduction 


® 


Check for 
updates 


LHC at CERN has two general purpose detectors. They are CMS [1] and ATLAS [2]. 
CMS collaboration is now preparing for the upgradation of the existing facilities of 
the detectors during Long Shutdown 2 (LS2, 2019-2020). This upgrade is motivated 
by the high luminosity that LHC will inject after LS2. It is expected that after LS2 the 
particle rate in the forward region of CMS detector will reach several tens of kHz/cm? 
and the total integrated charge will reach several C/em”. CMS collaboration approved 
the Gas Electron Multiplier (GEM) detector [3] for the forward muon system as these 
detectors have the excellent space and good time resolution along with high rate 
handling capability. Due to these excellent properties GEM detectors will improve 
the muon triggering and tracking capabilities by improving the muon momentum 
resolution for high pT muons and the timing resolution, as shown in Fig. 40.1. 
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40.2 GEM Detectors 


The main part of a GEM detector is the GEM foil that act as an electron amplifier 
and an arrangement involving the sandwich of GEM foils between the two electrode 
is known as GEM detectors. GEM foil consists of thin metal-clad insulating foil with 
a high density of holes. After the application of suitable voltage between two sides, 
electrons released in the upper part of the detector will pass through the holes of 
foil and gets multiplied and transferred to the other side of the detector where it is 
collected or further amplified. 

The prototype of GEM detector to be installed in the CMS detector is known 
as GE1/1 [4], where “G” denotes the GEM detector, “E” denotes the muon endcap 
station, the first “1” indicates the part of first muon station encountered by particles 
from the interaction point and the second “1” denotes the first ring of muon cham- 
ber going outward in radius from the beam line. The shape of GE1/1 chamber is 
trapezoidal with an active area of 990 x (220-445) mm?. This size is fixed as per the 
constraint from the vacant high-7 area in the CMS muon endcap. GE1/1 chamber con- 
sists of a Triple-GEM detector with gap configuration of 3/1/2/1 mm (drift/transfer 
1/transfer 2/induction). The readout board is divided into eight 7-partitions with 384 
strips each oriented radially along the long side of the detector with a pitch varying 
from 0.6mm (short side) to 1.2mm (long side). Each partition is subdivided along 
the @-coordinate into three readout sectors with 128 strips or channels each. In the 
test beam, we scanned several different sectors of the GE1/1 detectors. They are 
(in, if) = (1,2), (5,2), (8,2). In Fig.40.2, red and yellow colors show that which 
sectors of GE1/1s are exposed to the beam. The sector marked with red color was 
tested with gas Ar/CO2/CF, (45/15/40), while the sectors marked with yellow was 
tested with gas Ar/CO) (70/30). 
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Fig. 40.3 Test beam setup 
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40.3 Experimental Setup 


The GE1/1 detector was tested using muon beam having energy ~150 GeV. It was 
done in the CERN SPS test beam facility in 2014 [5]. The test beam setup is shown in 
Fig. 40.3. It consists of GE1/1 prototype detector, three trackers and three scintillators. 
The trackers are also a GEM detectors having active area of 10 x 10cm’. It acts as 
the muon telescope which helps us to reconstruct the tracks and reduce backgrounds. 
And the trigger comes from the coincidence of the scintillators. The GE1/1 prototype 
was installed on a movable table for scanning the different sectors of the detector. 


40.4 Result and Discussion 


Efficiency and time resolution are important parameters for a gaseous detectors. 
Efficiency is defined as the ratio of events reconstructed by tracker+GEM to the 
number of events reconstructed by tracker only. Experimentally, the time resolution 
is calculated using the root mean square of the Gaussian distribution of the time 
taken by a particle to reach the detector from the scintillator. Further, we applied a 
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Fig. 40.5 Time-resolution w.r.t. Eg,if; for two different gases 


fast 40 MHz clock pulse to cope up with the LHC bunch crossing. Thus, the detector’s 
time response should be modelled as the Gaussian function convoluted with a square 
wave function having frequency 40MHz. To achieve the time resolution we fit the 
experimental data with the Gaussian function convoluted with the square wave and 
then using fit parameters we extracted the time resolution before convolution. Finally, 
we obtained the very good time resolution of 7ns and efficiency 98% with both 
gas mixture Ar/CO, (70/30) and Ar/CO2/CF, (45/15/40), as shown in Figs. 40.4 
and 40.5. At the end, by comparing the results of two different gas mixture we can 
conclude that GEM detectors can be operated without using CFy, while maintaining 
its performance. 
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Chapter 41 M®) 
Model Study of Two Particle Correlations = 
with Identified Trigger Particles in p-Pb 
Collisions at LHC Energy 


Debojit Sarkar, Subikash Choudhury and Subhasis Chattopadhyay 


41.1 Introduction 


A large baryon-to-meson enhancement at intermediate pr has been observed in 
central heavy ion collisions both at the RHIC and the LHC energies. While at RHIC, 
the interpretation is given in terms of coalescence, at the LHC, data have also been 
explained in terms of radial flow. A similar baryon-to-meson enhancement is also 
observed in p-Pb collisions at ./syy = 5.02 TeV as well [1]. 

In this work we have calculated the near-side jet-like yield associated with pion and 
proton triggers selected from the intermediate pr where the inclusive proton to pion 
enhancement has been observed in p-Pb collisions at 5.02 TeV. Two models, EPOS 
3 and AMPT string melting (SM) are used to study the effect of the hydrodynamical 
flow and the coalescence model of hadronization on this observable. In this analysis, 
the trigger particles are selected from the intermediate pz range (1.5/2.0 < pr < 
4.0 GeV/c) and associated particles have pr in the range of 1.0 < pr < 4.0 GeV/c. 
The detailed description of the models, multiplicity class estimation, construction 
of the correlation function and the near-side jet-like yield determination have been 
discussed in [2, 3]. The bulk (soft triggered correlation) is estimated from large 
|An| ([An| => 1.1) and subtracted from the near side jet peak (|An| < 1.1). After 
bulk subtraction, the event averaged near-side jet-like per trigger yield has been 
calculated by integrating the A@ projection in the range | A@| < 7/2. 
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Fig. 41.1 Inclusive proton over pion ratio as obtained from EPOS 3.107 (left) and AMPT SM 
version (right) in 0-10% and 60-100% event classes of p-Pb collisions at 5.02 TeV 


41.2 Results and Discussion 


The inclusive proton to pion enhancement as obtained from EPOS 3 and AMPT are 
shown in Fig.41.1. Hadrons pushed from lower to higher pr by radial flow or gener- 
ated by quark coalescence are expected not to exhibit short range jet-like correlation 
beyond the expected flow (ridge) like correlation. Thus the bulk/flow subtracted near- 
side jet peak is dominated by the hard triggered (jet) correlation. Since the correlation 
functions are normalized by both hard and soft triggers, the soft triggers without any 
jet-like correlated partners are expected to cause the trigger dilution effect in the per 
trigger jet-like yield. The proportion of soft triggers increase with multiplicity and 
the rate of increase has a species dependence as the soft processes like coalescence 
and/or radial flow favor proton production over the pion at intermediate pr. So, the 
proton-triggered jet-like yield is expected to get diluted at a larger rate compared to 
the pion-triggered case with increase in multiplicity [2, 3]. 

In Figs.41.2 and 41.3 the multiplicity evolution of the near-side jet-like yields 
associated with identified triggers are shown (Fig. 41.2). In case of AMPT the pion 
triggered yield increases with multiplicity whereas the proton triggered yield shows 
a slower rate of increase compared to pions - creating trigger dilution. Whereas, in 
EPOS 3, the pion triggered yield shows almost no variation with multiplicity but the 
proton triggered yield decreases gradually with increase in multiplicity- generating 
trigger dilution as shown in Fig. 41.3. The effect of the final state hadronic interactions 
has been found to be negligible in case of both AMPT and EPOS 3 [2, 3]. This 
suggests, although trigger dilution can originate from both coalescence and radial 
flow, the response of the individual pion and proton triggered yields, studied as 
a function of multiplicity, is sensitive to the underlying dynamics or the physics 
processes involved. In absence of jet quenching [2, 3], this observable can be used 
to probe the presence of collectivity in small collision systems and the hadronization 
at intermediate pr as well. 
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Fig. 41.2. a Multiplicity dependence of the near-side jet like per trigger yield associated with pion 
and proton triggers in p-Pb collisions at ./syy = 5.02 TeV from AMPT SM without hadronic 
cascade (left). b Multiplicity dependence of the ratio of the near-side jet-like per trigger yield 
associated with proton and pion triggers (right) 
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Fig. 41.3. a Multiplicity dependence of the near-side jet like per trigger yield associated with pion 
and proton triggers in p-Pb collisions at ./syy = 5.02 TeV from EPOS 3 without hadronic cascade 
(left). b Multiplicity dependence of the ratio of the near-side jet-like per trigger yield associated 
with proton and pion triggers (right) 
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Chapter 42 Mm) 
Searching for SUSY with Multijets and cree 
Missing Transverse Momentum 


Aditee Rane 


42.1 Introduction 


Supersymmetry (SUSY) is a popular extension of the standard model (SM) of ele- 
mentary particles and it proposes a superpartner to the every SM particle differing 
by spin-half. Depending on the SUSY model, the presence of new particles can be 
manifested in a variety of final states containing jets originating from light flavor 
quarks or gluons or bottom quarks, and an imbalance in total momentum in direction 
transverse to the beam direction ( pe, A few representative models of production 
and decay of gluinos and top squarks are shown in Fig. 42.1. 

This report presents an inclusive analysis to search for pair production of gluinos 
and squark-antisquark pairs using the data from proton-proton collisions at ./s = 13 
TeV collected by the CMS experiment at Large Hadron Collider (LHC) [1] in 2016 
equivalent to an integrated luminosity of 12.9fb~!. Every gluino and squark decays 
directly or via a cascade into the quarks and lightest neutralino. The neutralino is 
assumed to be the lightest SUSY particle, neutral, weakly interacting and stable, 
hence is a source of true pus in the events. The quarks and gluons are measured as 
jets reconstructed from their hadronization productions and those originating from 
b-quarks are identified using their characteristic displaced vertices. To render this 
search sensitive to various final state topologies, the search regions are defined using 
the number of jets with pr > 30 GeV and || < 2.4, and the number of b-tagged jets 
with pr > 30 GeV and |7| < 2.4. In the following, these are denoted by Njet and 
Np-—jet respectively. Each event is further categorized using scalar sum of pr of jets, 
Hr, and magnitude of negative of vector sum of pr of jets, Hy"**. 
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Fig. 42.1 Representative diagrams of the SUSY particle pair production: (left) pp > 22, 8 > qq 
+ xo, (center) pp > 28,2 > qq+W/Z4 xo via a Xj or x3, and (right) pp > 22,2 > #+ 
~0 

Xq [2] 


Fig. 42.2 Schematic sketch of SM backgrounds: (left) Z + jets, (center) W + jets, and (right) QCD 
multijet 


42.2 The SM Backgrounds and Event Selection 


Several SM processes can give rise to final states of jets and eee To select the event 
likely to be SUSY like, we start with the events with Nj > 3, Hr > 300 GeV, a 
> 300 GeV. The Z+jets events in which Z boson decaying to a pair of neutrinos, is 
an irreducible background as shown in Fig. 42.2 (left). The events containing a W 
boson, direct production or from decay of top quarks, contribute to the backgrounds 
if it decays to a lepton (e, j4, or 7) and a neutrino (Fig. 42.2 center). This background is 
suppressed by vetoing the events which contain an isolated e, ju, or an isolated track. 


miss 


The QCD multijet events are a source of fake py'** resulting from jet mismeasurement 


or detector malfunctioning as well as true p™’* from the semileptonic decay of 
b-hadrons. A characteristic feature of these events is that a high pr jet is aligned with 
the direction of Hi"’S in azimuth as shown in Fig. 42.2 (right). This background is 
effectively mitigated by rejecting the events with A® (jets, Epil) < 0.3, 0.3, 0.5, 
0.5 for four highest pry jets. 

The events surviving the above selections are further categorized in the bins of 
Niet: [3-4], [5-6], [7-8], and >9. For separating the events containing more heavy 
flavors, we require Np_jet: 0, 1, 2, >3. Each [Njet,Np—jet | bin is further divided into 
10 Hy—H-"* bins as shown in Fig. 42.3. 
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42.3 Estimation of Backgrounds 


Analysis uses data driven technique to estimate the remaining backgrounds in signal 
region. A method is developed to predict the background yield in signal region 
from corresponding yield in an orthogonal(signal free) region called control region. 
Method is validated using Monte Carlo (MC) samples and then applied on data 
control sample to get background prediction in signal region. 

For hadronic tau background estimation js + jets sample with exactly one well 
identified muon is used as a control sample. At the generator level, js + jets and 
T + jets have similar event kinematics but at detector level jz is reconstructed with 
good resolution while hadronic 7 is reconstructed as a 7 jet plus partial contribution 
to MET from 7 neutrino. The response templates are derived using T + jets MC 
events which give distribution of the ratio of py of reconstructed T jet to pr of gen 
T in intervals of gen T pr. As reconstructed js is equivalent to gen 7, we replace 
Lt from ps + jets control sample event with response to mimic T + jets event. The 
variables Niet, Hr, oe are recalculated after this replacement. Also we account 
for intrinsic b-mistag probability of 7 jet obtained from 7 + jets MC sample to 
redefine Np_jet. A bin defined by new [Njet, Np—jet, Ar, Ae ] is filled with proper 
event weight. The Fig.42.4 (left) shows validation of hadtau estimation method in 
160 search bins. Direct count of hadtau events expected from MC in various bins is 
compared against those predicted from jz + jets control sample. The method closes 
well with expectation within 10% on average. 


42.4 Results and Outlook 


Similar to hadronic tau, all background teams validate their prediction method using 
MC. Then methods are applied on respective control samples from data to get back- 
ground prediction in data signal region. Figure 42.4 (right) shows comparison of 
observed data against various background predictions. 
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Fig. 42.4 (left) Hadronic 7 background in 160 search bins as predicted directly from MC simulation 
(solid dots) and as predicted by data driven background estimation procedure (shaded regions). 
Simulation makes use of tf, W+jets and single top MC event samples [2], (right) Observed number 
of events and pre-fit background predictions in all search bins obtained from data [2] 
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Fig. 42.5 Observed and Expected Upper Limit exclusion at 95% CL for Tl qqqq (left), TSqqqqV V 
(center) and T1tttt (right) [2] 


Data agrees with SM background prediction within uncertainties and no signifi- 
cant excess is observed in any of the search bins. Likelihood fit to the data based on 
SUSY signal strength, background yields and nuisance parameters associated with 
uncertainties is used to set limits on production cross section of various signal sce- 
narios. Figure 42.5 shows exclusion plots for three different signal scenarios where 
gluino masses up to 1680, 1630 and 1610 GeV respectively are excluded to 95% 
confidence level (CL). 
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Chapter 43 Mm) 
Modified TBM and Role of a Hidden Z2 eiisiin 


Rome Samanta and Mainak Chakraborty 


43.1 Introduction 


In the minimally extended Standard Model (SM) with singlet RH neutrino fields Np;, 
O(eV) neutrino masses are generated through Type-I seesaw mechanism. Relevant 
Lagrangian for the latter is written as 


: 1 _- 
— LY" = Vral(mp)oiNri + a NCin(Ma)ibiiNir + h.c. (43.1) 


mass 


with WN, i =CN, 7. The effective light neutrino Majorana mass matrix M,, which is 
then obtained by the standard seesaw formula M, = —m pM; ‘m1, can be put into 
a diagonal form as U'M,U = Mé = diag (m;, M2, m3) with m; assumed to be real. 
The effective low energy neutrino Majorana mass term that contains this M@,, comes 
out as 


i = 
aif? = =VE_ (My )asvip + hic. (43.2) 


mass 2 


Now in the basis where the charged lepton mass matrix M, is diagonal, U follows the 
standard parametrization [1]. Let us now have look at the latest 30 ranges [2] for the 
relevant neutrino parameters obtained from oscillation data. solar: Am}, = m3 - my: 
(7.02-8.09) x 1075 eV?, atmospheric: |Am3,| = |m} — mj|: (2.32-2.59) x 10-7 


eV2, O12: 31.29°-35.91°, 003: 38.3°-53.3°, 013: 7.87°-9.11°. Finally, thanks to the 
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Planck for the observed upper bound on the sum of the light neutrino masses; Xm; < 
0.23 eV. 

In [3] it is argued that any horizontal symmetry of neutrino Majorana mass matrix 
M, is a residual Z. x Zo flavour symmetry. The symmetry generators G; obey the 
relation U'G;U = d; with i = 2, 3, ie. there are two independent G; and hence dj. 
We can choose these two independent d matrices as dz = diag (—1, 1, —1) and d3 = 
diag (—1, —1, 1). Thus for a given U, one can calculate Gz and G3 corresponding 
to dy and d3 respectively. In this work we focus particularly on the TBM mixing 
and calculate the corresponding G; matrices; G[$” and G§". It can be justified 
theoretically as well as phenomenologically that Gf? is the only symmetry which 
is viable one to exist as the unbroken Z»2 generator in the Lagrangian. In the next 
section, we present an ephemeral discussion regarding the implementation of G7?™ 
and G4" on the neutrino fields. 


43.2 Breaking of Z57: Perturbation to the TBM Mass 
Matrices 


Depending upon the residual symmetries on the neutrino fields and the phenomeno- 
logical viability of the textures of the mass matrices, we discuss two cases. 

Case 1. At the leading order G7?™ and G§” transform both the neutrino fields 1, and 
Nr as vy > Gv, and Nr > G;Nr. Now we choose a perturbation matrix Me" 
which violates 7 interchange in Mp but respect G[?™. The leading order mass 


matrices and the perturbation matrix are of forms 


b—c-—aa-—a y00 Oe € 
m, = a bc], M&=|[0y0], MeS=|ee0] (43.3) 
—a cb O00y € 0 & 
where € = 4(3e4 +e) andé’ = —73e6 + €4). Now the effective M,, which is invari- 
TBM 
ant under G?2™ is written as MC! = —m°,Mz!(m9,)" with Mp = M2 + MO, 


Since G{®™ invariance of the effective M, always fixes the first column of the mix- 


ing matrix to Gf? ‘ —/3 ; fi )T up to some phases, a direct comparison of the latter 
with the Upyws matrix leads to a constraint relation between 6). and 613 as 


1 
sin’ O12 = 5 (1 — 2tan* 83). (43.4) 


Case 2. In this case, at the leading order, all the neutrino fields obey G5’. However 
G{8™ of the over all M, is ensured only by the transformation vy, > G1?" v;. 
Since the RH singlets are free from G/?™, the perturbation matrix which is added 
with Mp is now arbitrary. Now the most general Dirac mass matrix m,, the Majorana 
mass matrix M° and the perturbation matrix are of the forms 


43 Modified TBM and Role of a Hidden Z2 195 


a 5(b—c) 5(c—b) x00 000 
m,=|a  b c , M=[0y0], ME=[0aq 0 
—a c b O00y 00 & 
(43.5) 
: : . GT2M 1 : 
Again the effective M, is calculated as M,,') = —m°, Mp (m%)" with Mp = 


M9, + My. Besides reproducing the same relation as obtained in (43.4), another 
interesting point is realized that m, of (43.5) is of determinant zero due to the 


; GTbM . : 
residual G[?™ symmetry; thus the M_'__ matrix has one zero eigenvalue. For the 
remnant G{?” symmetry, m, is of vanishing value. 


43.3 Flavored Leptogenesis with Quasi Degenerate RH 
Neutrinos 


Lepton number, CP violating and out of equilibrium decays of RH neutrinos create 
a lepton asymmetry [4]. A general expression for the CP asymmetry parameter €?* 
for any RH mass spectrum is given by [5] 


I ; rim Hji(mp);.(mp)aj 
| Ege) Im Hij(mp)) (mp) aj +0 Z aa Z ‘|, 
Anu Hii vr i#i 1: age 


(43.6) 
In (43.6), r= dd = Xij)s H= mMp'mp, xij = M;/M; and g(xij) is given by 


Jail — xy) 
; Xij : 7 ey + SF xij). (43.7) 
— Xi)’ + Tear 


gj) = 


The term proportional to f (x;;) comes from the one loop vertex contribution while the 
remaining are from self energy diagram. Note that in the limit where the RH neutrinos 
are exactly degenerate, i.e., x;; = 1, the self energy contribution vanishes and thus 
a nonzero value of CP asymmetry parameter ¢;* is produced only through the vertex 
contribution. In our model RH neutrinos are quasi degenerate and thereby enhances 
the CP asymmetry parameter significantly through self energy contributions. 

Another important issue is that the flavor effect [6] to the produced lepton asym- 
metry. In our upcoming work [7] we address this explicitly in detail, theoretically as 
well as numerically. 
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Chapter 44 Mm) 
Search for Excited Quark Resonances in oats 
the Photon+ Jet Invariant Mass 

Spectrum at 13 TeV 


Varun Sharma 


44.1 Introduction 


This document reports a search for compositeness of quarks using the data collected 
by the CMS experiment [1] at the CERN LHC. The standard model, despite its 
remarkable success, has not been able to address some of the key questions of the 
particle physics. The increase in collision energy at the LHC and improvement in 
detector technology make it possible to search for extensions of the standard model. 
Several of these extensions suggest quark substructure [2]. 

The study is focussed on the search for an excited state of a quark (q*) in the photon 
+ jet final state. The analysis looks for the signal process gg — q* — qv. The q* 
signal model considered includes only the first generation of quarks (q* € u*, d*) 
with spin-5. In the model, it is assumed that the compositeness scale is equal to the 
mass of the excited quark, i.e., A = M,» and, also, below the center-of-mass energy 
of the collision. The major standard model backgrounds for this final state include 
q& > 47,94 > gy, QCD multi-jet, and W/Z+7. 

The data set used in the analysis has been collected by the CMS experiment at 
./s = 13TeV in 2015 and corresponds to an integrated luminosity of 2.7 fb~'. A 
detailed description of the CMS detector, together with a definition of the coordinate 
system used and the relevant kinematic variables, can be found in [1]. 
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44.2 Event Selection 


We select events that pass the online trigger with a threshold of 165 GeV on the 
transverse momentum (pr) of the photon. Photons in the event are required to have 
Pr > 190 GeV and pseudorapidity |7| < 1.4442. The photon with highest pr (lead- 
ing) amongst the ones, which satisfy the identification and isolation requirements [3], 
is used as the photon candidate in the event. The possible jet candidates are separated 
from the photon candidate by AR > 0.5 (where, AR = \/ An? + Ad?) and satisfy 
stringent jet identification criteria [3]. They are also required to havea pr > 190 GeV 
and |7*"| < 2.4. Ifmore than one photon or jet candidates exist in the event, the invari- 
ant mass for the y + jet system is calculated using the leading photon candidate and 
leading jet candidate. 

Backgrounds arising from t-channel processes are suppressed by requiring | An(7, 
jet)| < 1.8. To retain a large acceptance for the signal, events with | Ad(y, jet)| > 1.5 
are kept for selecting back-to-back photon and jet. To have a full kinematic accep- 
tance, the invariant mass of the + + jet system is required to be M, jg. > 695 GeV. 
The signal selection efficiency goes from about 49% at M,« = 1 TeV to 58% at 
M,* = 2 TeV and 60% at M,» = 5 TeV. 


To search for a bump in the y + jet spectrum, the non-resonant mass distribu- 
do _ — po(l—m//s)?! 
dm ~~ (m/./s)P2+P3 inln/ Vs) ? 


Po» P1, P2, and p3 are the four parameters used to describe the background shape. 
The invariant mass distribution for data and Monte Carlo (MC) predictions is shown 
in Fig.44.1. The event with the highest invariant mass is observed at 3.29 TeV, 
whose three-dimensional view is presented in Fig.44.2. Various sources of system- 
atic uncertainties affecting signal are listed in Table 44.1. For the background shape 
uncertainty, the background parameters are marginalized with a flat prior. 


tion is modeled with an empirical parameterization, where 


Fig. 44.1 Invariant mass 2.7 fb! (13 TeV) 
distribution of y + jet in data ET A 5 
and MC simulated events h, / \oeerey Pe a 4 
after final event selection. 10° \ gesqy 
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= * (2.0 Te’ 7 
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Fig. 44.2 Three-dimensional view of the highest invariant mass + jet candidate observed in data. 
The pr, 7, and ¢@ values of the photon and jet are indicated 


Table 44.1 Major sources of systematic uncertainty affecting the q* signal 


Source Uncertainty (%) 
Jet energy resolution 10.0 

Photon identification and isolation 2.0-4.0 
Luminosity 2.7 

Photon energy scale 1.0 

Jet energy scale 0.5-0.8 

Photon energy resolution 0.5 


44.3 Results 


A search for q* in the 7 + jet final state has been performed, using 2.7 fb~! of pp 
collision data collected with the CMS experiment at ./s = 13 TeV. A 95% confi- 
dence level (CL) upper limit is placed on o x B for g* production using Bayesian 
formalism [4] as shown in Fig. 44.3. 

Excited quark states with masses in range 1.0 < M,» < 4.37 TeV are excluded 
at 95% CL for coupling multiplier f = 1.0 with 95% CL. Also, excited quarks 
with masses 1.0 < M,» < 3.64 (1.36) TeV are excluded for f = 0.5 (0.1). Lastly, 
we present the excluded mass as a function of coupling strength in Fig. 44.4. 
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Fig. 44.3. The expected and 
observed 95% CL upper 
limits on o x B for 


q* > ay 


Fig. 44.4 The observed and 
expected excluded regions at 
95% CL as a function of Mg« 
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Chapter 45 Mm) 
Measurements of Higgs Boson a 
Production and Properties in Di-photon 

Decay Channel Using Data Collected by 

CMS Detector at Center of Mass Energy 

of 13 TeV 


Kuntal Mondal 


45.1 Introduction 


In the year 2012, during RunI at LHC, a Standard Model Higgs boson like particle 
was discovered by the CMS collaboration. Further studies are being made with the 
goal to measure the properties of the newly measured particle. Among the different 
decay channels, H — yy has a very small branching ratio (0.2%). Still the clear 
final state topology makes it the most sensitive channel for study of the Higgs boson. 
In the report we discuss the first measurements with data collected by CMS in the 
year 2016 during LHC RunlI at center of mass energy of 13 TeV corresponding to 
integrated luminosity of 12.9 fb~!. 


45.2 Analysis Outline 


The search for Higgs signal is based on looking for a fully reconstructed peak over 
a large continuously falling background. In order to maximise the signal sensitiv- 
ity, the photon energy resolution needs to be optimised. The CMS electromagnetic 
calorimeter [1] response has been made uniform at single channel level, to correct 
for response variation with time and position. A multivariate approach has been used 
to correct per event per photon energy and estimate the energy resolution. A final 
energy scale and resolution correction is done by comparing data and simulation for 
Z — ee events. 
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45.2.1 Vertex and Photon Identification 


The invariant mass for the two photons depend on the angle between them. So the 
correct vertex identification is done by a multivariate analysis technique (MVA) using 
kinematic correlations of the two photons, track momentum imbalance due to the 
photon pair, direction of tracks for e+ e~ in case of converted photons. For the analysis 
a vertex assignment is taken to be correct if its longitudinal displacement with respect 
to true primary vertex of the event, has much less effect on mass resolution compared 
to the impact of photon energy resolution. The average vertex assignment efficiency 
is measured to be 80%. The method has been validated for Z — jy events from 
data and simulation. 

Events are first required to pass a diphoton trigger based on transverse energy 
of the photons, invariant mass of the photon pair, and combined cut on isolation 
variables and electromagnetic energy shower shape variables. Background for this 
process can be classified into two parts, irreducible diphoton production and reducible 
photon-+jet and jet+-jet production (where jets have been reconstructed as photons). 
To identify prompt and isolated photons MVA is used by utilizing kinematic proper- 
ties, energy shower shape variables and isolation variables of photons. After selecting 
prompt photons, a diphoton MVA is used to select diphoton objects with signal-like 
kinematics and good mass resolution. The diphoton MVA uses per event mass resolu- 
tion estimate, kinematic variables of photon pair, photon identification MVA output 
value and probability of assigning the correct vertex. 


45.2.2 Event Categories 


The selected events are further categorized in eight different production categories 
based on the additional particles present in the event along with the diphoton pair, in 
the following order. Associated Higgs production with a ff pair (ttH) is defined in 
two categories; when both W bosons coming from t, decay hadronically (labeled as 
ttH Hadronic Tag) and when atleast one W boson decays leptonically (labeled as ttH 
Leptonic Tag). Vector boson fusion (VBF): MVA has been used to select events with 
two jets along with diphoton pair having characteristic kinematic properties of a VBF 
process. Two subcategories labeled as VBF 0 and J have been defined in descending 
order of VBF MVA output value. Gluon Gluon fusion (ggH): All remaining events 
correspond to ggH production mode and are further categorised as Untagged 0, 1, 2, 
3 in descending order of diphoton MVA output value. 
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Fig. 45.1 Left: Diphoton mass distribution combined for all categories weighted to their respective 
signal over signal-plus-background ratio. Right: Local p-value observed (black line), expected local 
p-value for Higgs mass 125.09 GeV (blue dashed line), minimum expected local p-value as function 
of mass (red dashed line) [2] 


45.2.3. Signal and Background Models 


The signal model is extracted from simulation as a combination of several gaussian 
functions taking into account different correction and scale factors and is fitted for 
several mass points in the mass range of 120-130 GeV for each different category. 
The background models are completely data driven where a nuisance parameter is 
set to vary over a set of possible functional forms. This technique is discussed in 
detail in [3]. 


45.3 Results 


Figure45.1 shows the sum of events combining all categories weighted to their 
expected signal to signal-plus-background ratio. The maximum observed signifi- 
cance is 6.lo with a best fit at mass 126.0 GeV, with a signal strength relative to 
standard model of 0.95 + 0.20 = 0.95 + 0.17 (stat) 9:69 (syst) 708 (theo) [2]. 


45.4 Summary 


This report summarizes the observation of the Higgs boson in diphoton decay channel 
with 12.9fb~! data collected by CMS detector in p — p collision at LHC at center of 
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mass energy of 13 TeV in the year 2016. The signal has a maximum significance of 
6.lo atamass of 126.0 GeV. The signal strength has also been measured individually 
for ttH, VBF, ggH production mode which are compatible with SM predictions. 
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Chapter 46 

Search for Dark Matter and Large Extra sav 
Dimensions in the Photon + MET Final 

State in pp Collisions at ./s = 13 TeV 


Ashim Roy 


46.1 Introduction 


A search in pp collisions at the Large Hadron Collider (LHC) for a final state con- 
sisting of a photon (7) of large transverse momentum (p;-) and missing transverse 
momentum (£7 ‘SS) is performed to investigate two extensions to the standard model 
(SM). We search for dark matter (DM), which is considered to be the dominant non- 
baryonic contribution to the matter density of the universe. However, its detection and 
identification in ground-based and spaceborne experiments remain elusive. At LHC, 
production of DM particles may be inferred from pp collisions with large E oo es 
the DM particles indirectly interact with the SM quarks and gluons via forces of the 
electroweak scale. 

The second SM extension is the large extra dimension model which is motivated 
by the hierarchy problem, namely the large gap between the electroweak (Mgw) and 
Planck (Mp) scales. This model postulates that there exists n compactified extra 
dimensions, in which gravitons can propagate freely, and that the true scale of the 
gravitational interaction in this 4 + n dimension spacetime (Mp) is of the same order 
as Mpw. Production of such gravitons at the LHC will therefore also manifest itself 
as events with broad distribution in E7"!**. 

Events with large missing transverse momentum exist only if there are visible 
objects recoiling against the invisible particles. Among the many possibilities, a 
recoiling photon (7) has the advantage of being identifiable with high efficiency and 
purity. The results of the search are interpreted in terms of the DM simplified models 
as proposed by the CMS-ATLAS Dark matter forum group and the ADD graviton 
production. 
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46.2 Event Selection and Background Estimation 


The analyzed data sample corresponds to an integrated luminosity of 12.9 fo~! and 
is collected by CMS detector [1]. Events are required to have E7** > 170 GeV and 
at least one photon with pj; > 175 GeV in the central region (|7| < 1.44) of the 
detector and vetoed with well-identified electrons and muons. Events are rejected if 
the minimum azimuthal opening angle (A@) between E7"** and up to four leading 
jets (pr > 30 GeV and |7| < 5) is less than 0.5 rad. The candidate photon and E7""* 
must also be separated by more than 2 rad [2]. 

The major background from the Z(— vv) + y and W(— lv) + y processes is 
estimated using simulated events with NNLO QCD and NLO EWK corrections 
and cross-checked with control data dominated by well-reconstructed Z(— [*1~) + 
y and W(— /v) +7 events. Background from jets or electrons mis-identified as 
photons is estimated by measuring the mis-identification rates in control samples 
in data. Finally, non-collision backgrounds due to beam halo and ECAL spikes are 
estimated by fits to distributions of the azimuthal angle (@) and the electromagnetic 
cluster seed time. 


46.3 Results and Interpretation 


A total of 400 events are observed in data, which is in agreement with the total 
expected background of 414.6 + 38 events. Because no excess with respect to the 
SM prediction is observed, limits are set on the considered DM production models 
and ADD extra dimension scenarios. 

The DM simplified models are designed to facilitate the comparison and trans- 
lation of various DM search results by limiting the degrees of freedom of the DM 
production interaction. In the models considered in this analysis, Dirac DM particles 
couple to a vector or axial-vector mediator, which in turn has couplings to the SM 
quarks. Model points are identified by a set of four parameters: the DM mass m py, 
the mediator mass M,,¢q, the universal mediator coupling to quarks g, and the medi- 
ator coupling to DM gpy. In this analysis, we fix the values of g, and gpy to 0.25 
and | respectively [2], and scan the M,,,-qg—m py plane. 

Figure 46.1 shows the cross section upper limits with respect to the corresponding 
theoretical cross section (u = o% /OTheory) for the vector and axial-vector medi- 
ator scenarios on the M,,-q—mpm plane. The uncertainty on the expected upper 
limit includes the experimental uncertainties. The uncertainty in the theoretical cross 
section is translated to the uncertainty in the observed exclusion contour. For the 
simplified DM models considered, mediator masses of up to 760 GeV are excluded 
for small mpy [2]. 

Figure 46.2 shows the upper limit and the theoretical calculation of ADD graviton 
production cross section for n = 3 as a function of Mp. Lower limits on Mp in 
different number of extra dimensions are compared to CMS Run! results in Fig. 46.3. 
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Fig. 46.1 95% CL upper limits on 2 = o/o7peory in the Mmea—m pm plane for vector and axial- 
vector mediator, assuming gg = 0.25 and gpy = 1. Expected and observed exclusion contours are 
overlaid, where mass points to the lower left of the curves are excluded [2] 
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The trends of the two results differ because the graviton production cross section can 
be increasing or decreasing with n depending on the values of ./s and Mp [3]. Values 
of Mp up to 2.60 TeV for n = 6 are excluded [2]. 
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Chapter 47 ®) 
Prompt Muon Contribution at High creek 
Energies 


Sharda Pandey, Satendra Kumar Chauhan, Jyotsna Singh 
and R. B. Singh 


47.1 Introduction 


Cosmic ray particles continuously interact with the atmospheric nuclei of the earth. It 
mainly consists of about 90% protons, 9% alpha particles and rest 1% heavy nuclei. 
The spectrum of the nature ux x E~7, with spectral index y. It is believed that some 
unknown astrophysical concepts are responsible for change in the spectral index of 
cosmic ray spectrum [1, 2]. Here, we have focused on creation of new heavy particles 
at knee energy and used pair-meter technique for the energy measurement of muon 
of better resolution. 


47.2 Theoretical Calculation of Muon Flux 


The transport equation for muon at underground includes only source term- 


O®,(E,h) _ 
Oh ~ 


h : 
= 4 Le GE, WG > 1X) (47.1) 


where ®,,(E, h) is vertical differential energy spectrum of muons at a depth h, and 
Gi, is the production function of muon in the atmosphere [3-6] (Table 47.1). 
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Table 47.1 Table for the charmed hadrons 


f Quark mf Tf (S) Br (%) E% (GeV) 
structure 
Dt, D~ cd, éd 1.869 9.2 x10-!3 | 18.0 4.3 x10? 
D°, D® cu, Cu 1.865 43x 10-8 7.0 9.2 x10’ 
At udc 2.281 2.3x 10713 2.0 21.0x107 
J/Y cé 3.097 8.0 x 10-7! 5.93 8.5 x10! 
F 2 
5 Bui > px mi\-) £% @; (E; 
Ci i= iow (1 = a) / dE, iD (47.2) 
H CT; m3 E d; 


where B is the branching ratio, 7; is the mean life time of the particle and d; is the 
interaction length; where (i = 7, k, D*, D°, D®, \+, J/W). 

Solution has been obtained by using numerical analysis method. The differential 
vertical flux of Prompt muon is- 


db, _ Pv (Eo) ff Zee | ? (fee) . { Zest 10H) 
dE, 1- ZpXx 1+ ppgts By+ Fu ee ByjwpEu 


D 1 €s/W 


(47.3) 
where ®y, is the primary spectrum of nucleon, Z,; is the spectrum weight moment, 
y is spectral index term varies from 2.7 to 3.1, ¢; is critical energy of charm particles, 
7 = =; where G@ = Dt, D-, D®, D®, df, F/W). 


47.3 Production of Prompt Muons in Different Decay 
Channels 


47.3.1 Semi-leptonic Decay of D and J /y Meson 


Differential decay width of muon is- 


l 2 mp my : 2 
E; Ey Ej Ey P,+P 1 i ,|°.dE 
lo XE} | nc ¢ x) ro ( “x)| lil bd 
(47.4) 


ar Ge 
dE, 2(4n)3mp 


where Gf is fermi constant, /; (q’) is form factor, P is the momentum, j,, is lepton 
current, ge is relative momentum transfer (Figs. 47.1, 47.2, 47.3, 47.4 and 47.5). 
BES: 
(4r)3 


m§,(1 — 8r? + 8r° — r? — 24r* Inv) (47.5) 
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m mx. 
m; ” 


where r = 


(Gi = Dt, D®, D°, J/W). From the theoretical calculation of decay width of charmed 
meson we get- 


where X is produced meson through the decay of charmed meson 


TP(D* > K,v,,) = 4.898 x 10"! s“ 


(J /b > Dspv,) = 1.813 x 10"! s7!. 


47.3.2 Semi-leptonic Decay of Xt Baryon 


Similarly we calculate the energy spectrum of semi-leptonic decay of AT > Appr, 
The differential decay rate of AZ is- 


dr 1 : Gin ‘ 
= Se / |M?dE (47.6) 
dE, (87)3m)+ Ey, ere 


max 


The matrix element is [7, 8]- 


|M| = a [E y+ E yo EE )uyorp [(nwr+2 )+ 0 7 2 a) = s(n y+ =a 2 >) 


Ow 


~ (mys)? 


_ os 2 1 2 1 2 : 
d-) freq) + vw filg?) — ¥5 f2(Q°) ) | Mat dp = (47.7) 
M)y+ M+ 


where f/f), f2 are the form factors, u)+, uo are the spinor terms, and j,, is leptonic 
current. 


2 


= Sanne ( + 6r — 8r? + 11r? + 8r — 5r? — 24r7 Inr) (47.8) 
EL 


Through the theoretical calculation of decay width of At meson we get- 


(At > opr) = 3.266 x 10'! s7! 


47.4 Event Rates 


The number of cascade events observed by the detector have been estimated for 1000 
kton years by using pair-meter technique with the help of the given expression [4]- 
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Fig. 47.4 Our theoretical muon flux has been compared with the known experimental data 
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Fig. 47.5 Event rates of muon have been calculated for 1000 kton year [black], compared with the 
known theoretical [3] as well as experimental data (ice cube [orange]) 


CO 
Eventrate(n,) = i (o;(E, Eo) x flux x px AxTxt)dE (47.9) 
Ein 


where A = 4.87 x 10° cm’, p = 7.87 g/cm, T = 1500 rl.; T is the thickness of the 
target in radiation length (rl.), t = 10 years. 
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47.5 Conclusions 


This work has been attempted to study the vertical flux of high energy cosmic ray 
muons at sea level. Our theoretically calculated flux fairly matches with the known 
experimental data. 
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Chapter 48 M®) 
Performance of the CMS 2S pr Module a 
Prototype Using CBC2 Readout at Beam 

Tests 


Suvankar Roy Chowdhury 


48.1 Introduction 


Beyond 2026, the planned upgrade of the LHC to the HL-LHC will result in an 
increase in instantaneous luminosity in p-p collisions reaching values up to 5—7.5 x 
10*4 cm~* s~!, leading to an average number of collisions per bunch crossing between 
140 and 200. The current CMS tracker will be damaged by the radiation received 
during the Run | and Run 2 operations of the LHC and will not be able to run 
efficiently under the HL-LHC conditions. The CMS collaboration foresees to install 
a new radiation hard tracker which will be able to provide tracking information to 
the L1 trigger system to keep the Level-1 trigger rates within sustainable limits [1]. 


48.2 Future Tracker and the Concept of the py Module 


The sketch of one quarter of the proposed CMS tracker is shown in Fig. 48. 1a. 
The outer tracker will be equipped with pr modules where each module will be 
made out of two silicon sensors separated by some distance (1.6—4 mm). The radial 
region between 200 and 600 mm will be equipped with modules with a macro-pixel 
sensor on one side and a strip sensor on the other side (PS pr module) while the 
region above 600 mm will be populated with modules having strip sensors on both 
sides (2S pr module). In the presence of a magnetic field of 3.8 T, the final state 
charged particles bend in a plane transverse to the direction of the beam. The radius 
of curvature of the track of a particle depends on the transverse momentum (pr) of 
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Fig. 48.1 The proposed CMS tracker layout in r-z view (a). The green and yellow lines correspond 
to inner pixel modules. The blue lines correspond to PS modules, while red lines correspond to 2S 
modules. Concept of a pr module (b) 


the particle. The pr discrimination principle of a module is shown in Fig. 48.1b. As 
a charged particle passes through the module, it creates hits in the bottom and top 
sensors within the module. A hit in the bottom sensor is matched to coincident hits in 
the top sensor and if they are within a predefined window the two hits are combined 
to form a short track segment, a stub. The stubs are sent to the Level-1 trigger at 
bunch crossing frequency. The front end readout chips of the modules, capable of 
reading out both the bottom and top sensors, will provide the logic to discriminate 
between high and low pr tracks. For the 2S pr module, the readout chip will be 
the CMS Binary Chip (CBC) [2, 3]. In this proceeding, the performance of modules 
with version 2 of the CBC chips will be discussed. 


48.3 Test Beam Setup 


Two prototype mini 2S-modules were tested using a pion beam in the test beam 
facility at CERN. A 2S mini-module consists of two strip sensors, each sensor com- 
prising 254 strips of 5 cm length. The module is read out by two CBC2 chips. One 
of the modules with a sensor spacing of 3.05mm was irradiated to a fluence of 
6 x 10*nieg /cm?. The non-irradiated module has a sensor spacing of 2.75 mm. The 
schematic of the beam test setup is shown in Fig. 48.2. The detector under test (DUT) 
was placed within a telescope system [4] consisting of six layers of pixel detectors 
used for reconstructing the path of the incident particles. 


Fig. 48.2 Schematic 

drawing of the test beam E(n*)=120 GeV 
setup; pO to p6 refers to the 

telescope planes, DUT is the = 
2S prototype module under 

test es 
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Fig. 48.3 Cluster width as a function of beam incident angle. (proposed CMS tracker layout). Stub 
efficiency for the irradiated (blue) and non-irradiated (red) module as a function of the particle pr 
(proposed CMS tracker layout). A radius of 60cm was used for the calculation of the pr from the 
beam incident angle (Sect. 48.4) 


48.4 Event Reconstruction and Results 


The readout of the modules is binary and zero-suppressed. Only the number of fired 
strips having collected charged above a threshold is stored. The offline analysis of 
the data involves reconstruction of clusters (consecutive fired strips joined together) 
and stubs from the recorded hits in the event. To emulate the effect of the track 
bending inside a magnetic field, the DUT was rotated with respect to the incident 
beam. The variation of the mean cluster width(number of strips in a cluster) with 
the beam incident angle for the non-irradiated module is shown in Fig.48.3a. As 
the incident angle of the particles increases, the charge deposited is shared by mul- 
tiple strips and hence the cluster width increases. For the CMS field strength of 
B = 3.8T, the relationship between the beam incident angle (@) and the transverse 
momentum (pr) of the traversing particle for a radial position of the module (R) is 
given by pr [GeV] ~ eee The stub efficiency, defined as the ratio of the number 
of events with stubs matched to a track to the number of events with a track, was 
measured for each incident angle. The stub efficiency as a function of pr is shown 
in Fig. 48.3b. This turn-on curve is different for the two modules owing to different 
sensor spacing. The plot shows that the modules are efficient in selecting particle 


tracks above a pr © 2 GeV with a resolution of 5.3%. 


48.5 Summary 


The performance of prototype 2S modules (both irradiated and non-irradiated) with 
the CBC2 readout chip has been studied. The cluster width increases with the incident 
angle as expected. The concept of pr discrimination has been demonstrated with 
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a pr threshold of 2 GeV for both the irradiated and non-irradiated module. The 
efficiency above the pz threshold is maintained at 95% even for the irradiated module 
under the beam test conditions. 
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Chapter 49 M®) 
Quarkonium Production and cess 
Suppression with CMS Detector at LHC 


Vineet Kumar 


49.1 Introduction 


The main goals of heavy-ion experiments is to validate the existence and study 
the properties of the quark-gluon plasma (QGP). The QGP is a state of deconfined 
quarks and gluons predicted by quantum chromodynamics (QCD) studies to exists at 
high temperatures and/or high energy density [1]. One of the most striking expected 
signatures of QGP formation is the suppression of quarkonium states. The yields of 
both of the charmonium (J/w, w(2S), x-, etc.) and the bottomonium (Y (1S, 2S, 3S), 
Xp, etc.) families are expected to suppress in heavy ion collisions. The suppression is 
predicted to occur above the critical temperature of the medium (T,) and depends on 
the QQ binding energy [2] alternatively the suppression can be understood in terms 
of quarkonium dissociation by collisions with gluons [3, 4]. Since the Large Hadron 
Collider (LHC) first performed Pb+Pb collisions at ,/s,,, = 2.76 TeV, a wealth of 
quarkonium results have become available [5, 6]. Some of these results are presented 
in this writeup and their significance is discussed. The latest results from the high 
statistics 5.02 TeV PbPb data collected in 2015 are also given in the writeup. 


49.2 CMS Detector at LHC 


The central feature of CMS is a superconducting solenoid, of 6m internal diameter, 
providing a field of 3.8T. Within the field volume are the silicon pixel and strip tracker, 
the crystal electromagnetic calorimeter (ECAL) and the brass/scintillator hadron 
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calorimeter (HCAL). Muons are detected in gas-ionization detectors embedded in 
the steel return yoke. The muons are measured in the pseudorapidity window |n| < 
2.4, with detection planes made of three technologies: Drift Tubes, Cathode Strip 
Chambers, and Resistive Plate Chambers. A much more detailed description of CMS 
can be found in [7]. 


49.3. Quarkonium Measurement with CMS Detector 
at LHC 


The production yields of Y(1S), Y(2S), and Y(3S) quarkonium states are measured 
through their decays into muon pairs in the CMS detector, in PbPb and pp collisions at 
the centre-of-mass energy per nucleon pair of 2.76 and 5.02 TeV. Figure 49.1 shows 
Nuclear modification factors, R4,, as a function of the Y transverse momentum, 
p, (left) and rapidity, |y| (right) at /syy = 2.76 TeV [8]. The Ra, results show a 
suppression of a factor of ~2 and 8 for Y(1S) and Y(2S) states, respectively. No 
pronounced dependence on the Y meson kinematics is observed. 

A useful variable to compare the strength of medium effects on the quarko- 
nium ground state (1S) and excited state (nS) in PbPb collisions is the double ratio 
((Nns/N1s)popb/(Nns/Nis)pp) which is the ratio of the corresponding nuclear mod- 
ification factors. Figure 49.2 (left) shows the double ratio of Y(2S) as a function of 
collision centrality measured by CMS experiment at ./sww = 5.02 TeV [9]. A large 
relative suppression of the Y(2S) compared to the Y(1S) in PbPb with respect to 
pp is observed. Figure 49.2 (right) shows the double ratio of y(2S), in mid rapidity, 
as a function of collision centrality measured by CMS experiment at ./syy = 5.02 
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Fig. 49.1 The nuclear modification factor of Y(1S) and Y (2S) states in PbPb collisions at ./syyy = 
2.76 TeV as a function of transverse momentum (left) and rapidity (right) measured by CMS 
experiment [8] 
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Fig. 49.2. The Double Ratio of Y(2S) (left) and y(2S) (right) as a function of collision centrality 
measured by CMS experiment at ./syy = 5.02 TeV [9, 10]. The y(2S) results are compared with 
an earlier measurement by CMS at ./syw = 2.76 TeV [11] 


TeV [10]. The double ratio is below unity in all the collision centralities studied, sug- 
gesting that the (2S) yield is more suppressed than the J/w yield in the kinematic 
range explored. No strong variations are observed with collision centrality. The dou- 
ble ratio shows reasonable agreement with the measurement made at ./syy = 2.76 
TeV in all the bins indicating no strong energy dependence on the relative suppression 
of charmonia states. 


49.4 Summary 


The Y(1S) and Y(2S) states are suppressed in PbPb relative to pp collisions at 
/SnN = 2.76 TeV by factors of 2 and 8, respectively. The suppression does not show 
any strong kinematic dependence. The relative suppression of Y(2S) is measured 
through the double ratios at ./syy = 5.02. A large relative suppression of the Y (2S) 
compared to the Y (1S) in PbPb with respect to pp is observed. In the charmonia 
sector the excited state y(2S) is found to be more suppressed than the ground state 
J/w at both centre of mass energies. 
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Chapter 50 Mm) 
Development of a High Speed Data cro 
Acquisition System for the Detectors 

at High Luminosity LHC 


Shuaib Ahmad Khan, Jubin Mitra and Tapan K Nayak 


50.1 Introduction 


During the long shutdown period of LHC at CERN in 2019 and 2020, the machine 
will be going for a luminosity upgrade, whereby the beam luminosities will increase 
by manifold. This is needed in order to acquire large amount of data to access exotic 
physics [1]. The major effect is a large increase in data volume, which needs to 
be handled and recorded properly. It leads to the need for a readout scheme that 
is high speed, error resilient, could perform in the harsh radiation environment, 
reconfigurable when required and flexible enough to adapt the experimental updates, 
less time to completion and at an affordable cost. In this article a suitable data 
acquisition scheme is proposed and the features are discussed. Implementation of 
such a scheme with the associated high speed links and the results are discussed in 
a separate section. This scheme also benefits the bio-medical instrumentation, radar 
and satellite applications. 


50.2. Readout Architecture 


In this proposed scheme, readout electronics for high energy physics experiments is 
divided into two parts. The first one is on-detector electronics, placed in radiation 
zone near to the detector and operates directly on the signals received from the 
particle detector. The other one is known as the data processing unit (DPU), placed 
in the counting room far from radiation zone as shown in Fig. 50.1. 

The radiation tolerant 4.8-Gbps optical Gigabit Transceivers (GBT) links devel- 
oped at CERN [2] has been used as an interace for digital transformation from the 
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Fig. 50.1 Simplified readout architecture for high speed data acquisition system 


detector electronics to the DPU. In the DPU, data are multiplexed, processed and 
formatted depending on the detector specifications and sent to back-end computing 
node using 10-Gb Ethernet protocol [3]. It increases the throughput and optimizes 
the system level cost. The application specific functionalities requires DPU to be 
implemented as custom designed electronics boards, with programmable function- 
ality based on latest state-of-the art high processing power commercially available 
Field Programmable Gate Array (FPGA) technology. FPGAs are used as these are 
field reconfigurable with large resources, advantages like faster development time, 
no upfront non-recurring expenses, and convenient for prototyping designs before 
final ASIC production which perfectly supports an evolving design requirement. 


50.3 Test Setup and Results 


Two high speed links are used in this scheme; GBT-FPGA logic core [2] and the 
10-Gb Ethernet protocol. Both are implemented on 28-nm Altera Stratix-V FPGA 
development board [4]. 


Testing and Performance Analysis of GBT-FPGA link: The GBT-FPGA Logic 
Core firmware is programmed in the Stratix-V FPGA. It mimics the GBT ASIC for 
receiving the GBT datagram. GBT Link is composed of a GBT transmitter (encodes, 
scrambles and crosses the clock domain), a GBT receiver (that aligns, decodes and 
descrambles the incoming data) and a Multi-Gigabit Transceiver (MGT) (serialises, 
transmits, receives and de-serialises the data) as shown in the Fig. 50.2a. The GBT 
protocol accepts data from the client interface in parallel data format and envelops it 
in GBT frame format to transmit in an optical link. A stable jitter free clock source 
was provided for proper operation of the protocol. Transceiver link signal integrity 
was validated by Altera transceiver tool kit. Quality of the GBT protocol operating at 
4.8 Gbps is measured using a wide bandwidth high-end Lecroy serial data analyser. 
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Fig. 50.3. a User logic for 10-Gb ethernet on FPGA b Eye-diagram on altera transceiver tool kit 


Eye diagram is shown in Fig. 50.2b with BER of 5.525 x 10-12 and Eye width/height 
is 176.8ps/373 mV. This result is beneficial for further studies. 


10-Gb Ethernet on FPGA testing and Analysis: The main purpose of this setup is 
to adapt a modular approach for the implementation of the 10-Gb Ethernet design 
in silicon, which is necessary for the rapid debugging of the constituent modules in 
case of faulty behaviour. It is a complete system on programmable chip. A NIOS-II 
32 bit embedded processor [5] coordinates the design and provides overall system 
control. QSYS (Altera System Integration Tool) [5] was utilised with other peripheral 
components, as shown in Fig. 50.3a. The Scatter-Gather Direct Memory Access (SG- 
DMA) controller core links the transfers to non-contiguous memory and used for 
high-speed data transfer with minimal processor hold-up. It improves the overall 
system performance as compared to the DMA cores. This design includes an Ethernet 
Media Access controller (MAC) with 10G Base-R physical layer [5] and Avalon 
interface was used. The design was tested in simulation as well as on the Altera 
FPGA Stratix-V development board. A test data packet in the Ethernet frame format 
of the IEEE 802.3ae standard was developed for the simulation test. The design was 
successfully tested on FPGA in the internal transceiver loopback mode as shown in 
the Fig. 50.3b. 


50.4 Conclusion 


We have discussed an innovative readout architecture with optical links for high 
energy physics experiments. This design has been implemented on Altera Stratix- 
V FPGA development board. Testing and performance analysis in terms of signal 
integrity and functional tests are presented. 
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Chapter 51 @) 
Non-zero U,3 in the Presence of eV Scale ces fx 
Sterile Neutrino 


S. Dev, Radha Raman Gautam and Desh Raj 


51.1 Introduction 


Recent anomalies at short baselines hint towards the existence of one or more sterile 
neutrinos at the eV scale or even higher. The evidence for v,, + Vv. appearance in 
the LSND experiment [1], subsequently, confirmed by the MiniBooNE experiment 
[2] along with reactor v, fluxes [3] is compatible with one or more extra sterile 
neutrinos at the eV scale. The hints for the presence of sterile neutrinos come, also, 
from Big Bang nucleosynthesis (BBN) and the structure of the universe. However, 
adding light sterile species would result in tension with the cosmological bounds. 
This conflict can be resolved if eV scale sterile neutrinos are partially thermalized 
before BBN era but equilibrate with active neutrinos at a later time. Harrison, Perkins 
and Scott first showed that experimentally obtained mixing matrix is close to the 
so-called tribimaximal (TBM) mixing [4]. In the present work, we attempt to generate 
deviations from the TBM mixing while keeping one of the columns of TBM fixed 
by incorporating sterile neutrinos to the known active neutrino spectrum. We impose 
the additional constraint of CP-conservation to simplify the analysis. The present 
work allows non-trivial mixing between active and sterile neutrinos. 
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51.2 Analysis 


We consider an eV scale sterile neutrino in addition to the three known active neu- 
trinos and set CP violating phases to be equal to zero. The neutrino mass matrix for 
the 3 + 1 scheme is taken to be 


5 (2m) + m2) (m2 — M1) (2-11) ee 
mM, a | shia — m1) gm + Dig + 313) FC + Zsaa — 33) _f (51.1) 
, z(m2 — m1) GE (mM, + 2m —3m3) (mM, +2m2+3mM3) g 
e f g Ms 


where 1, m2, m3 are the mass eigenvalues of upper 3 x 3 active neutrino sector 
which is diagonalized by TBM matrix and the elements (e, f, g, ms) belong to the 
sterile sector. For the (3 + 1) neutrino mass matrix with vanishing CP violating 
phases, the following parametrization for the neutrino mixing matrix is used: 


U4x4 = R(634)R (O24) R (O14) R (023) R (O13) R (O12) (51.2) 


where R(6;;) matrix describes rotation in the i j> plane. In the present work, 
TM)/TM> are 4 x 4 neutrino mixing matrices having the first/second column the 
same as that of TBM. The TM, mixing matrix, obtained by substituting e = fs 
in M, is, ruled out for the CP conserving case. The only viable case is TM» 
which can be obtained by substituting e = —(f + g) in M, of (51.1). The modi- 
fied mass matrix M, can be diagonalized as Mig = uF M,U,, where the mixing 
matrix U, = Urgmy R(634) R(@14) R(613) takes the following form: 


2 e146 ae 2 e145 25 
3014613 fh 3614513 3°14 
Se a eS =, 3¢13¢ 5 3¢14—35145 = sos 
€34513FC13814934 C14€13 1 astsutiia( V3e14 sisi) S14 614534 
Uy = J2 Jo V3 3/2 /6 2 (51.3) 
213 (3014 +3514534)-+3034513 _1 3213234 —F13 (W314 +3514554) 14534 S14 
—  BV2 V3 BV. v2 _ v6 
513834 — C13C34514 0 — C348 14813 — C13834 C14€34 


with c;; = cos 6;; jo Sij = sin 6i ; and rotation angles 614, 613, 634 depends on the mass 
matrix parameters f, g, 1,73, m;. The neutrino masses are given by [5] 


(m1 — m3) sin O14 sin 613 sec 34 


m=m == = a 
sin 614 sin 613 Cos 034 + cos 613 sin 634 
m2 = mM), 
- m1 — m3) sin 14 cos 613 sec 0 
Pree meme ila Ne can cea ac (51.4) 
sin 614 COs 013 cos 634 — sin 013 sin 634 
_ 8(m, — Ms) cos? 414 cos 034 
mg = m+ = 


16 sin 614 cot(2013) sin? (434) + cos(2414)(cos(3434) — 9 cos 634) + 6 sin(234) sin 034) 


In our numerical analysis, we use the 30 ranges of the neutrino oscillation parameters 
[6, 7]. We take the upper bound on the sum of the active neutrino masses Um, < | 
eV and the free parameters 614, 613, 634, m, and m3 are generated randomly. The 
six neutrino mixing angles and mass eigenvalues are calculated by using (51.3) and 
(51.4). The available experimental constraints on neutrino mass-squared differences 
and mixing matrix elements are used to restrict the unknown parameters. Allowed 
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Fig. 51.1 Correlation plots between various neutrino parameters 


ranges of 614, 613 and 634 come out to be (O-0.25), (0.17—0.21) and (0-0.35), respec- 
tively for both Normal (NO) and Inverted (IO) mass orderings. The ranges for other 
parameters ||, ||, |™m3| and |m,;| are 0-0.35 eV (0.045-0.4 eV), 0.008-0.35 eV 
(0.05—0.35 eV), 0-0.35 eV (0-0.42 eV) and 0.8-1.5 eV (0.8-1.5 eV) for NO (IO), 
respectively. The allowed range for the effective Majorana mass (M,,) in our model 
for NO (IO) is 0-0.35 eV (0.015-0.4 eV) (Fig. 51.1). 


51.3. Summary 


In the present work, we have studied the phenomenological consequences of adding 
a light sterile neutrino to the active neutrinos. We examined the possibility of generat- 
ing the necessary deviation from the TBM mixing by generating a non-zero U,3 from 
active-sterile mixing. The active-sterile neutrino mixing leads to the modification of 
the TBM pattern. It is found that a non-zero U,3 within its experimental range can 
be successfully generated and the atmospheric mixing angle (023) is non-maximal in 
this model. 
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Chapter 52 ®) 
Two Zeros in the Magic Neutrino Mass cro 
Matrix 


Radha Raman Gautam and Sanjeev Kumar 


52.1 Introduction 


A non-vanishing value of 6)3 [1] implies that the symmetries behind the tribimaximal 
(TBM) mixing [3] are not exact. However the mixing angles 62 and 423 are correctly 
predicted by the TBM mixing. We can view the TBM mixing as a combination of 
the ys — 7 symmetry [2] and the magic symmetry [4]. A non-zero 63 implies that 
the neutrino mass matrix cannot be 44 — 7 symmetric. Yet, it can still be magic. 
Such a mass matrix will give trimaximal (TM) mixing [5]. The mixing angles and 
CP-violating phase 6 obey two sum-rules for the TM mixing. A more constraining 
approach [6] will be to combine the magic symmetry with texture zeros [7]. This 
approach is reviewed here in brief. The TM mixing matrix is 


2 1 2 


3 cos 0 FR 3 sind 
U am cos 0 e'*’sin@d 1 sin 0 e'® cos0 : 52.1 
TM V6 ag je a ae 77) ( ) 
cos 0 e'?sin@ 1 sin 0 e'? cos0 


ie We Ge ale 


This mixing matrix has only two free parameters: 6 and ¢. It diagonalizes the magic 
neutrino mass matrix. So, we can parametrize a magic neutrino mass matrix as 


Magic = UtyMMa Us (52.2) 
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where My = diag(m,, mze7, m3e?'”). Here, (m;, m2, m3) are the neutrino masses 
and a and (3 are the Majorana phases. 


52.2 Two Zeros in the Magic Neutrino Mass Matrix 


There are only seven textures of the neutrino mass matrix with two zeros [7] in 
the diagonal charged lepton basis. The allowed patterns are shown in Table 52.1. 
Imposing these textures on the magic mass matrix Mmagic [(52.2)], we find that only 
textures A; and A> are allowed experimentally. 

The predictions for the texture A; can be obtained by solving the equations: 


M,,, = 0 and M,,, = 0. We obtain our predictions in terms of r = aut . The main 
tos 
prediction is r = tan” 9. The three masses are 
eee ees + 2/3,/r cos ¢ 
1= 21 , 
x 
4A 
pe gee scamalls 1 (52.3) 
x 
3 — 273 
m3; = Am}, = SF OND 
x 
where x = 3 — 3r — 2\/3,/r cos ¢. The three mixing angles are 
l+r 1 J3./rcos¢ 2r 
a) + 2 + 2 
sin® Oj. = , sin® #3 = ~— + ————_, sin’ 033 = ———_.._ (52.4 
12 z 3= 5+ P43 3= 364) (52.4) 


The phenomenological predictions for Az can be obtained from the predictions of A, 
by the transformations 023 > 5 — 623 and 6 = 7 — 6. For detailed phenomenology 
see [6]. 


Table 52.1 Allowed neutrino mass matrices with two texture zeros classified into three classes 


Type Constraining equations 
a Mee = 0, Mey, = 0 
A2 Mee = 0, Mer = 0 
Bi Mer = 0, Muy, =0 
Bo Mey, = 9, M;; = 0 
B3 Mey = 9, Muy, = 0 
Ba M, = 0, M,, =0 
Cc Muy = 9, Mr, = 0 
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Table 52.2 Transformation properties of various fields: Dj, (De, , Dux» D,,)', Tr (eR, LR, Tr), 
Vig» B Wr, 2,03)", Por, 2, 3)" and A 


Fields Di, lr VR w p 
SU(2), 2 1 1 2 2 
Ag 3 1,1’, 1" 1 3 3 
Zo 1 1 -1 1 -l 


The textures A; and A» can be realized using the non-Abelian discrete symmetry 
Ag. If various leptonic and scalar fields have the transformation properties as given 
in Table 52.2, then these transformations lead to neutrino mass matrices of type A, 
provided the various Higgs fields develop following vacuum expectation values: 
()o = vu, 1, 1)? and (yp), = v,(0, 1, D)’. 


52.3 Conclusions 


We investigate the phenomenological consequences of combining the magic sym- 
metry with two texture zeros. We find that there are only two such textures that are 
compatible with the experimental data. We express all the three neutrino mixing 
angles, three neutrino masses and the three CP violating phases in terms of two 
known mass squared differences Am, and Am}, and the phase @. We also present 
a symmetry realization for these textures using the non-Abelian A, symmetry. 
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Chapter 53 Mm) 
Can We Measure 623 Octant Seats 
in 3 + 1 Scheme? 


Sanjib Kumar Agarwalla, Sabya Sachi Chatterjee and Antonio Palazzo 


Introduction: The resolution of octant! [1] of 623 is one of the fundamental prob- 
lems in neutrino oscillation. Long-baseline (LBL) experiments can resolve this octant 
ambiguity of 023 with the help of v,, > v. appearance channel, and the vital infor- 
mation coming from v,, — v,, disappearance channel also play an important role. 
Interestingly, at present, there are short-baseline anomalies which hint towards the 
existence of light eV-scale sterile neutrino [2]. Here, we expound in detail the capa- 
bility of proposed LBL experiment DUNE to measure 63 octant considering one 
light eV-scale sterile neutrino along with three active neutrinos. 

Theoretical framework: In the 3 + 1 scheme, a new a mass eigenstate v4 appears 
on top of 31 framework whose mixing is parametrized as 


U = Ry RyRRwR3Rv, (53.1) 


' According to the present 3v best-fit [4], 623 can have two solutions: one < 7/4, labelled as 
lower octant (LO), and other > 7/4, known as higher octant (HO). 
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where Rj; (R; j) is a real (complex) rotation in the (i, j) plane. The details of the 
parametrization of U can be seen in [3]. 

In [3], it was shown that the 4-flavor appearance probability can be approximately 
expressed as the sum of three terms ai ~ Po+ Pi + P2, which in vacuum appears 
as 


PoX 4553573 sin’ A, (53.2) 
Pi 8513812€12823C23(@A) sin A cos(A + 6)3), (53.3) 
Pox 4S 14524813523 sin A sin(A + 613 + O44) 7 (53.4) 


where A = Am3,L/4E anda = Am}3,/Am},. Inthe double sign, upper (lower) sign 
corresponds to neutrinos (antineutrinos). The new interference term P, is governed by 
the interference between the atmospheric frequency and the large frequency related 
to the new mass eigenstate [3] which gets averaged out by the finite energy resolution 
of the detector. Recent global fits [4-6] suggest 513 ~ S14 ~ S24 ~ 0.15 (~ ©) and 
a = 0.03 (~ ce?) implying Py ~ 2, Pi~ ee, Po~e’. 

An experiment can measure the octant of 623 even in the presence of unknown 
CP-phases, if there is a difference between the probabilities corresponding to the 
different octants, 1.e. 

AP = PHO, Oy) — Pin (O13, Og) #0, (53.5) 
where one of the two octants should be considered to generate data and the other 
octant should be used to simulate the theoretical model. From the expression of e F 
AP can be written as, AP = APy)+ AP, + AP>. Now for further discussions 
regarding the mathematical expressions of each term and their importance please see 
[7]. 

Results and discussion: Simulations for DUNE have been performed considering 
a total 248 kt.MW.yr of exposure, divided equally between v and v mode. 

Figure 53.1 depicts the discovery reach of 83 octant in [sin? O23, 04 3] (true) plane 
assuming NH as true choice. Left (right) panel shows the results for 3v (3 + 1) 
scheme. The following true values of the oscillation parameters have been consid- 
ered in simulation: sin? 0;. = 0.304, sin? 20:3; = 0.085, Am3, = 7.5x10~> eV, 
Am, = 2.475x 10-3 (-2.4x 10-7) eV? for NH (IH), sin? 6144 = sin? 0x4 = 0.025, 
and sin? 634 = 0. In 3v case, we have marginalized over mass hierarchy (MH), 
sin? 63, and 613 in test with the restriction that 05 (test) lies in opposite octant with 
respect to true choice of the octant of 023. Finally we calculate minimum Ax? for each 
true data set. The solid blue, dashed magenta and dotted black curve correspond to 
the 2c, 30 and 4o sensitivity of discrimination of one octant from another where the 
sensitivity has been defined as Ax” = (4, 9, and 16) for (2c, 30, and 4c) respectively. 
We notice that a minimum 2c sensitivity can be achieved if sin? @23(true) < 0.47 
and sin? 653 (true) = 0.55 irrespective of the choice of 513 (true). In 3 + 1 case, in 
addition, we marginalize over 6)4 (true) and 514 (test). In this case, we hardly have 
any octant sensitivity in the entire [sin? 453, 0 3] (true) plane. This is because of the 
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Fig. 53.1 Discovery potential for excluding the wrong octant in [sin? 673, 613] (true) plane assuming 
NH as true choice. The left (right) panel corresponds to the 3v (3 + 1) case. In 3-flavor scenario, 
we marginalize over (073, 613) (test). In 3 + 1 case, in addition, we marginalize over 514 (true) and 
O14 (test) fixing 014 = 024 = 9° and 034 = 0. This figure has been taken from [7] 


freedom of any choice of 6,4 which comes through the new interference term P). For 
detailed discussion, see [7]. 

Conclusions: In this work, we have studied the impact of a light eV-scale sterile 
neutrino in measuring the octant of #33 at DUNE. The sensitivity towards 623 octant 
can be completely lost if there is active- sterile oscillations. 
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Chapter 54 ®) 
Right-Handed Currents in B > K*t@~ exe 


Rusa Mandal 


54.1 Introduction 


The rare decay B — K*€* £~ is animportant mode for indirect search of new physics 
(NP) due to the measurement of large number of observables in experiments. Using 
the most general parametric form of the amplitude in the standard model (SM), we 
probe NP in a theoretically clean approach and refer the reader to [1, 2] for detailed 
analysis. 


54.2 New Physics Analysis 


We start with the observables to be the longitudinal helicity fraction Fz, and F_, 
As, Arp, related to the LHCb measured observables $3, Ss, AS” [6] as Fy = 
(1 — Fy, + 2583)/2, As =3/4S5, Apa=—Appy” The observables are functions 
of transversity amplitudes and the most general parametric form in presence of RH 
currents, which includes all short-distance and long-distance effects, factorizable and 
non-factorizable contributions and resonance contributions is [1] 


ALR = (Ch +4) = (Cit Cio) Fi - Gi, (54.1) 


Ais’ = ((Co° = CS) F (C10 = Cio) Fo — Gi. (54.2) 
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Here Co and Cjg are Wilson coefficients with re being the redefined “effec- 
tive” Wilson coefficient defined [1] as C3 = Cy + ACS*? (gq?) + ACH™™ (q?), 
where AC$*(q?), AC?“ (q) correspond to factorizable and soft gluon non- 
factorizable contributions, respectively. The Cy and C{, are the coefficients of RH 
current operators Og and Oj, and Fy and G) are the - form factors for the decay mode. 
With the introduction of some notation: r, = Re(G))/Fy — Re(C3), € = Cjg/Cio, 
and £' = Cj/Cyjo, we construct the following variables, 


Ri= (Z-¢)/ato. Rio = (#+2)/a-9. (54.3) 
C10 Cio 


At low recoil energy of K* meson, only three independent form factors describe 
the whole B + K*£*+£~ decay and at leading order in 1/mg expansion the rela- 
tion among the form factors is given by [3, 4], Gi /Fy = Gi/Fi = Go/Fo = 
—k 2mpmpC7/q?, where & © 1. Hence at the maximum point ing? i.e. the kinematic 
endpoint q2,., 79 = rj =r. =r (say). Therefore (54.3) implies that in the presence 
of RH currents Ro = Ry # RK, is valid at g* = q2,, without any approximation and 
is unaltered by non-factorizable and resonance contributions [5]. To test the rela- 
tion among R’s in light of LHCb data, first defining 6 = q2,, — q*, we expand the 
observables F,, F,., App and As around g- as, 


max 


1 
Fysqt Fp otk P+ 8, Fra FPO+ Fe + FS, 


App = AQ5? + AQ 5? + AQS5?, As = AM?52 + AMS? + AME? (54.4) 


The zeroth order coefficients of the observable expansions are assumed from the 
constraints arising from Lorentz invariance and decay kinematics derived in [5], 
whereas all the higher order coefficients are extracted by fitting the polynomials 
with 14 bin LHCb data [6] as shown in Fig. 54.1. 
The limiting analytic expressions for Ry at g* = q2,, are 
voi -1 
2-1 


Wy — Wy 


WafWy, — i 


where w}, w2 contain coefficients which are extracted from data using (54.4) [2]. 
Thus the variables R)’s can be estimated using data only and the allowed region is 
shown in gray bands in Fig. 54.2 left panel. A significant deviation is seen from a 
slope of 45° line (red line) which denotes Ry = Rj = Ro and hence hints toward the 
presence of RH currents without using any estimate of hadronic contributions. To 
quantify the RH couplings, we use (54.3) and the results are shown in last two panels 
of Fig.54.2. The middle panel uses the SM estimate of parameter r/C19 [4] and the 
SM prediction for C}y/Ci9 and C)/Cjo (the origin) is at more than So confidence 
level. We have performed another analysis where the input r/Cjo is considered as 
nuisance parameter and the result is shown in the rightest panel of Fig. 54.2. It can 


R1(q2,.) = Ri (qe. = = Ro(q2.,.)s (54.5) 
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Fig. 54.1 An analytic fit to 14-bin LHCb data using Taylor expansion at q2,, for the observables 
F., F., App and As are shown as the brown curves. The +1o error bands are indicated by the 
light brown shaded regions, derived including correlation among all observables. The points with 
the black error bars are LHCb 14-bin measurements [6] 
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Fig. 54.2 (left panel) Allowed regions in R, — Rj,o plane are shown in light and dark gray bands 
at lo and 5a confidence level, respectively. The red straight line corresponds to the case Ry = Rjo 
i.e. the absence of RH couplings. (middle panel) In C/g/C10 — Co/C1o plane, the yellow, orange 
and red regions correspond to la, 30 and So significance level, respectively where SM input for 
r/C\jo [4] is used. The best fit values of Cio/C10 and C$/Cio, with +lo errors are —0.63 + 0.43 
and —0.92 + 0.10, respectively. (right panel) Same color code as the middle panel figure. The 
input r/ Co is varied as a nuisance parameter and hence the obtained uncertainties in C 10 /Cio and 
C/C\o are increased. The SM predictions for all the three plots are indicated by the stars. Strong 
evidence of RH current is pronounced from the plots 
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be seen that the uncertainties in Cjy/Cio and C5 /C\o parameters have increased due 
to the variation of r/C jo and the SM prediction still remains on a 3c level contour 
providing evidence of RH currents. 


54.3 Summary 


e A formalism has been developed to incorporate almost all possible effects within 
the SM and has no or minimal dependency on hadronic uncertainties. 

e A strong evidence of RH currents is found where the conclusions are derived at 
endpoint limit. 

e The detailed study of resonance effects strengthen the conclusion derived here. 

e A systematic study, by varying the polynomial order (54.4) and number of bins 
used to fit the polynomials, shows good convergence for the fit coefficients. 

e The finite width effect of K* meson has also been considered. 

e Need for more data to confirm the presence of the NP scenario presented here. 
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Chapter 55 ®) 
Exclusion Limits on Minimal Anomaly ly 
Free U(1) Extensions of the Standard 

Model 


Tanumoy Mandal, Andreas Ekstedt, Rikard Enberg, Gunnar Ingelman 
and Johan Lofgren 


55.1 Introduction 


Many new physics? models naturally predict the existence of heavy gauge bosons 
(Z') which are charge (electromagnetic) neutral and color singlet. Here, we consider 
a wide class of gauge anomaly free U(1) extensions of the Standard Model (SM) with 
some minimal assumptions. We derive exclusion limits using electroweak precision 
constraints and direct collider search data on the parameter space of a TeV-scale Z’ 
which arise from the breaking of the extra U(1) symmetry by the complex scalar 
acquiring a vacuum expectation value (VEV). 

In any renormalizable gauge theory, all sorts of gauge anomalies have to be can- 
celed to preserve unitarity. Therefore, gauge anomaly cancellation imposes strong 
theoretical constraints on the models. The SM of particle physics is already an 
anomaly free theory. But any gauge extension of the SM introduces new conditions, 
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on the gauge charges of the particles present in the theory, that have to be satisfied in 
order to make the theory anomaly free. In this work, we take a minimalistic approach 
based on the following assumptions (i) the SM gauge group is extended by an addi- 
tional U(1) gauge symmetry which is broken at the TeV-scale by a complex scalar 
acquiring a VEV (ii) three generations of SM singlet right-handed neutrinos which 
are charged under new U(1) group are introduced to cancel anomalies (iii) type-I 
seesaw mechanism is responsible for the generation of neutrino masses (iv) there are 
no new fermions other than the SM fermions that are charged under the SM gauge 
group (v) all gauge charges of fermions are generation independent and (vi) the SM 
electroweak symmetry breaking occurs as usual. 


55.2 Anomaly Cancellation 


To make a gauge theory involving chiral fermions free from anomalies, one should 
assign the gauge charges appropriately in such a way that respect all the anomaly 
cancellation conditions. Due to the presence of a new U(1), there are six types of 
gauge anomalies that arise from the anomalous triangle diagrams. This leads to six 
conditions relating the gauge charges of the fermions that have to fulfilled to ensure 
the anomaly free requirement of the gauge theory. If there is an extra non-anomalous 
U(1), present, one can show that U(1), charges of all the SM particles can be written 
in terms of two free U(1), charges namely z, (the U(1), charges of the left-handed 
quark doublets) and z, (the U(1), charges of the right-handed up-type quarks). By 
requiring the right-handed neutrinos have both the Majorana and the Dirac mass terms 
from the seesaw mechanism, their U(1), charges, z, satisfies z, = 4z, — z, = 1/2 
relation. As discussed in [1], z, and z, charges are related by the relation z, = Kz, 
for various types of U(1) extensions of the SM where « is a constant. For instance, 
k = 1, —1, 1/4 and 0 for the gauged B — L, SO(10)-GUT, Y-sequential and right- 
handed models, respectively. These models are briefly discussed in [1]. 


55.3. Exclusion Limits 


In Fig. 55.1a, we show the lower limits on Mz, for various U(1), models as described 
in [1]. These limits are obtained by comparing the 13 TeV ATLAS dilepton resonance 
search data [2]. To present our result model independently, we define «-minimum, 
the value of « for which o x BR becomes minimum for a given Mz. Therefore, 
the parameter regions excluded for the «-minimum model are also excluded for any 
other model that belongs to the « framework. In Fig.55.1b, we show the exclusion 
plots in the Mz — g, plane for the k-minimum model using ATLAS dilepton [2] and 
dijet [3] data, T-parameter constraints and Z-width measurements. 
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Fig. 55.1 (a) Lower limits on Mz for various U(1), models as described in [1] obtained by 
comparing the observed upper limit on o x BR for the 13 TeV ATLAS resonance search data in 
the dilepton channel. (b) Excluded parameter space in Mz — g- plane. The blue and beige regions 
are excluded by the 13 TeV ATLAS dilepton and dijet resonance search data, respectively. The 
electroweak precision data and Z-boson width measurements exclude regions shown by red dashed 
lines and blue solid lines, respectively 


55.4 Summary and Conclusions 


We derive exclusion limits on the parameter space of minimally extended anomaly 
free U(1) models using the LHC data and electroweak precision test constraints. 
We introduce a «-framework where « is the ratio of z, and z, as defined previously 
to present our results model independently. We find that a class of U(1) extensions 
of the SM can be characterized by the parameter « when we require all the gauge 
anomalies are canceled. In this framework, the free parameters are the gauge coupling 
g; of the new U(1),, mass of the new gauge boson Mz and the « parameter. We find 
that the LHC dilepton data and electroweak precision data are mainly important in 
constraining the parameter space of a wide class of such U(1) models. Our derived 
exclusion limits are based on some minimal assumptions as stated in Sect. 55.1. It 
is always possible to alleviate these bounds by relaxing some of those assumptions. 
For example, by introducing new chiral fermions that are charged under U(1), or 
by considering generation dependent charges or perhaps by considering anomaly 
cancellation by the Green-Schwarz mechanism [4]. 
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Chapter 56 M®) 
Identified Particle Production in U+U eiesiia 
Collision at ./syv = 193 GeV in STAR 


Debadeepti Mishra 


56.1 Introduction 


The study of the bulk properties of the system formed in high-energy heavy-ion colli- 
sions shed light on the evolution of the system and the particle production mechanism. 
It is very interesting to study the effect of size, geometry and orientation of the two 
colliding nuclei on the finally measured bulk properties of the system. To address 
this question, data for U+U collisions at ./syy = 193 GeV were taken by the STAR 
experiment at the Relativistic Heavy Ion Collider (RHIC). Uranium (92U 238) nucleus 
is deformed in shape compared with Gold (79 Au!®’) nucleus, which is almost spher- 
ical in shape. As a result, different orientations between the two colliding nuclei are 
possible in case of U+U collisions. Higher energy density and particle multiplicity 
are also expected in U+U collisions at ./syy = 193 GeV than in Au + Au collisions 
at ./svnw = 200 GeV [1]. 

The minimum bias triggered events in the mid-rapidity region (|y| < 0.1) are 
selected for this analysis. The Time Projection Chamber (TPC) [2] and The Time 
Of Flight (TOF) [3] detectors in STAR are specifically used for particle identifica- 
tion. The raw yields of the identified particles (n+, 7, Kt, K~, p, p) are extracted 
using TPC and TOF by following different analysis techniques, which can be found 
in details in [4-6]. The yields of the produced particles as a function of transverse 
momentum pz are corrected for energy loss, tracking efficiency, matching efficiency 
between TPC and TOF and for background contribution to the yields of pions and 
protons [5, 6]. The feed-down and muon contamination fractions from d+Au colli- 
sions at ./syy = 200 GeV in STAR from [5] are used here for U+U collisions at 
J/Svn = 193 GeV. 
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56.2 Results and Discussions 


Figure 56.1 shows the pr spectra in U+U collisions at ./sy = 193 GeV fort, KT 
and p. The statistical and systematic uncertainties have been added in quadrature. 
The spectra are shown for nine different centrality classes. The obtained spec- 
tra are fitted with functions to extract dN/dy and mean pr for the unmeasured 
Pr regions. The fit functions are Bose—Einstein(A /[exp(m7/Tgz) — 1)) for pions, 
mr -  exponential(A exp(—m7/T,,,)) for kaons and double exponential 
(A exp(— pr /T?) + Bexp(— ea /T})) for (anti) protons. It is seen that, the yield 
decreases with pr as well as from central to peripheral collisions. A hardening of 
the pr spectra with increasing centrality and particle mass is also observed, which is 
due to stronger radial flow effects in central collisions than in peripheral collisions. 

The left plot of Fig. 56.2 shows the mean pr of 7+ and p as a function of number 
of participated nucleons Npart for U+U collisions at /syy = 193 GeV. The right 
two plots of Fig. 56.2 shows dN /dy of x*+, K*, p and p normalized by (0.5 x Nopart) 
versus Noa for U+U collisions at ./syyv = 193 GeV. All the results are compared 
with Au+Au collisions at ./syy = 200 GeV [5] as well as various center of mass 
energies from STAR [5, 6] are shown in order to observe the energy dependence. 
The data from U+U collisions at ./sy = 193 GeV agree within error bars with the 
data points from Au+Au collisions at ./syw~ = 200 GeV, which signifies that the 
evolution of the system is similar despite of their different geometric shapes. From 
the left plot of Fig.56.2, we can also observe that the value of mean p; increases 
from peripheral to central collisions indicating larger radial flow in case of central 
collisions. There is a slight increase of mean pz with collision energy. The middle 
and the right panel of Fig.56.2 shows dN/dy normalised by Npar increases slowly 
with Npar for all the particles in U+U collisions at ,/syv = 193 GeV, which suggests 
that particle production may also depend on the number of nucleon-nucleon binary 
collisions. Also, we can observe that particle yield increases for t+, K* and p, 
whereas it decreases for p with collision energy. This reflects the increase in baryon 
density due to baryon stopping at lower energies. 
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Fig. 56.1 Centrality dependence of identified particle spectra measured in mid-rapidity (|y| < 
0.1) for U+U collisions at ./syn = 193 GeV. Spectra are plotted at nine centrality bins and are 
scaled for different collision centralities for clarity. Curves represent Bose-Einstein function for 
pions, m7-exponential for kaons, and double exponential for protons. The statistical and systematic 
uncertainties have been added in quadrature 
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Fig. 56.2. (Left panel) Mean pr of a? and p as a function of < Npart > for U+U collisions at 
J/snN = 193 GeV. (Middle and right panel) dN /dy of nt, K*, pand pscaled by 0.5x < Npart > 
as a function of < Nparr > for U+U collisions at ./syv = 193 GeV. The results are shown compared 
with Au+Au collisions at ./sy = 200 GeV [5] along with other beam energies from STAR [5, 
6]. The statistical and systematic uncertainties have been added in quadrature 


56.3 Summary 


Transverse momentum spectra, integrated particle yield and mean transverse momen- 
tum of the identified particles 7+, 7, Kt, K~, p and p are measured for U+U 
collisions at ./syw = 193 GeV. The results are compared with the published results 
from Au+dAu collisions at ./swy = 200 GeV as well as with other beam energies 
from STAR. 

The comparison of the observables in U+U and Au+Au collisions at similar 
energies seems to be almost insensitive to the initial size and geometry of the two 
colliding nuclei. It will be interesting to differentiate and select the specific orientation 
of the two colliding nuclei in U+U collision at ./syy = 193 GeV. 
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Chapter 57 ®) 
Quark-Lepton Complementarity Model cre 
Based Predictions for Oa NS with 

Neutrino Mass Hierarchy 


Gazal Sharma, Shankita Bhardwaj, B. C. Chauhan and Surender Verma 


57.1 Introduction 


The recent results from various neutrino oscillation experiments [1] in past several 
years have provided us a very strong sign of neutrinos being massive, the mixing 
of lepton flavours and their oscillations. After the successful investigation of 0/;”"5 
[2], there are certain issues that are not settled yet, out of which one is the problem 
of mass hierarchy in the neutrino mass spectrum and another is the quadrant of angle 
ay NS are the challenges that are to be settled. 

The phenomenon of quark and lepton flavor mixing is described by a3 x 3 uni- 
tary matrix called Cabibbo—Kobayashi—Maskawa (UcxK y) and Pontecorvo—Maki— 
Nakagawa-Sakata (Upyys) respectively. After investigating the global data fits of 
various experimental results, so far we know the values for the Upyygs matrix which 
contains two large and a small mixing angles; i.e. the 05,”"5 ~ 45°, the Of” ~ 34° 
and the ge NS ~~ 9°, These results are observed along with the quark flavor mix- 
ing matrix (UcK ym), which is quite settled with three mixing angles that are small 
ie. OOK = 13°, OSK™ = 2.4° and OK” ~& 0.2°, which clearly indicates about a 
disparity-cum-complementarity between quark and lepton mixing angles. Since, the 
quarks and leptons are fundamental constituents of matter and Standard Model(SM), 
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the complementarity relation between these two families is seen as a consequence 
of a symmetry at some high energy scale. This complementarity termed as ‘Quark- 
Lepton Complementarity’ (QLC) has been studied by various authors [3]. 

The quark-lepton complementarity (QLC) relations hints about the depth of the 
structure that interrelates quarks and leptons. The disparity between the quark and 
lepton mixing angles has been expressed in terms of the QLC relations, which can 
be written as 


61, + 04, ~ 45°, (57.1) 
O43 + 04, = 45°, (57.2) 
61, + 07, ~ 0°. (57.3) 


The above QLC relations indicate that, on the basis of certain flavor symmetry 
there could be a quark-lepton symmetry at some different energy scale. 

Possible consequences of QLC have been investigated in the literature and in 
particular a simple correspondence between the Upywys and Ucxy matrices has 
been proposed and analyzed in terms of a correlation matrix [4] 


Ve = Ucxm: Upyns, (57.4) 


where V, is the correlation matrix defined as a product of Upyys and Ucxy. In 
Sect. 57.2, we discuss in brief the theory of the QLC model along with the investiga- 
tion of correlation matrix (V,) and the methodology that we have followed to obtain 
the desired results. According to the model procedure, after using the most credible 
texture of the correlation matrix we derive the constraints on the a NS mixing angle 
for both normal and inverted neutrino mass hierarchies in the Sect.57.3. Finally, in 
Sect.57.4 we conclude and summarise our results. 


57.2. The QLC Model and Theoretical Framework 


The texture of V,. can be obtained under certain assumptions about the flavor structure 
of the theory [5] 
Vo = Ucxu: : Upyns,; (57.5) 


where y is taken as diagonal matrix 7 = diag(e“””) and the three phases 7); 
are assumed to free parameters as they are not constrained by any of the current 
experimental evidences. 

This is more convenient to do because in Grand Unified Theories (GUTs) [6], 
once quarks and leptons are kept in the same representation of the underlying gauge 
group, one has to include an arbitrary but non-trivial phases between the quark and 
lepton mixing matrices in order to counter the phase mismatch. We take 
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However, the values of quark (Ucx y) [1] and lepton (Upyws) [7] mixing param- 
eters are at l-o range 


\ = 0.2255 + 0.0006, (57.6) 
A = 0.818 + 0.015, 
p= 0.124 + 0.024, 
7 = 0.354 + 0.015, 


sin? 613 = 0.02187} 010, (57.7) 
sin? 612 = 0.30470-013 | 
sin’ 23 = 0.45270 058 


$ = 306°)*3?. 


For the unknown phases ¢, ¢2 and the three 7; (57.5), we vary their values 
between the open interval [0, 27] in a flat distribution. 

As per our model [5] procedure, in order to constrain the value of 64,” we use 
the inverse equation obtained 


Upmns = Ucxm: WV)! + Ve. (57.8) 


We follow more familiar and democratic approach for the calculation of the cor- 
relation matrix i.e. it may take any form of texture as suggested by theoretical and 
experimental data from quark and lepton sectors. After doing Monte Carlo simula- 
tions we estimated the texture of the V. matrix. We obtained predictions for U ae NS 
for the two cases of neutrino mass hierarchies i.e. normal hierarchy(NH) and inverted 
hierarchy(IH). 
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57.3 Results 


The PMNS matrix obtained in case of normal hierarchy is 


UpMNS 0.20 — 0.59 0.40 — 0.70 0.59 — 0.74 0.04 — 0.69 0.29 — 0.80 0.57 — 0.80 
0.38 — 0.43 0.56 — 0.61 0.65 — 0.72. 0.24 — 0.54 0.44 — 0.72 0.59 — 0.76, 


0.68 — 0.87 0.40 — 0.67 0.02 — 0.35 0.66 — 0.91 0.38 — 0.71 0.00 — 0.32 
, Where V, ; 


The value thus obtained from above matrix is 39.73° — 48.47° having centre value 
OSMNS = 44.24° 
23 . . 
In case of inverted hierarchy 


0.06 — 0.66 0.30 — 0.75 0.63 — 0.81 
0.31 — 0.54 0.51 — 0.71 0.59 — 0.71 


UpMNS [oi 0.57 0.37 — 0.67 0.62 — 0.77 


0.67 — 0.86 0.40 — 0.66 0.02 — 0.36 0.67 — 0.90 0.39 — 0.70 0.00 — 0.33 
, where Vo ‘ 


0.40 — 0.44 0.58 — 0.63 0.61 — 0.68 


> 4“ $0 
Fig. 57.1 Probability density distribution(PDF) plots of sin? 645 including \-terms upto 6" 
order for Normal and Inverted neutrino mass hierarchy and their comparison with value obtained 


in [8] 
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The value of 03;""* obtained for inverted hierarchy is 42.70° —52.38° with centre 
value as 05,5 = 47.16°. 
We have shown the probability density distribution of 6/,”V* for normal hierarchy 
(left) and inverted hierarchy (right) and their comparison with the peaked value of 
93 when hierarchy is not considered [8] in Fig. 57.1. Here the dashed line is for 
13 without considering hierarchy, the thin and thick solid lines are for the two 
cases of neutrino mass hierarchies i.e. NH and IH, respectively. 


57.4 Conclusion 


We use the QLC model, where the non trivial relation between the Upyws and UcK y 
mixing matrix is taken as the phase mismatch between quark and leptons, via ~ the 
diagonal matrix. After following the model procedure the central values obtained 


for 03," are 44.24° and 47.16° for normal and inverted neutrino mass hierarchies 


respectively. It has been noticed that the precise values of 65; thus obtained for 


the two cases, NH and IH are about 20 and 30 away from our previously obtained 
result [8], which can give a strong hint for the hierarchy of neutrino masses. 

As such, in future the better precision of ci NS can give the strong hint about the 
neutrino mass hierarchy. 
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Chapter 58 M®) 
Probing C P Violation in Neutrino creek 
Oscillation Experiments and Leptonic 

Unitarity Quadrangle 


Surender Verma, Shankita Bhardwaj, B. C. Chauhan and Gazal Sharma 


58.1 Introduction 


During the past decade, the neutrino physics has witnessed a great deal of theoretical 
and experimental advancement. Many new neutrino experiments have been planned 
to measure the only unknown parameter of the neutrino mixing matrix, i.e. Dirac- 
type CP violating phase. Dirac-type C P violating phase can be directly measured 
in the neutrino oscillation experiments. Also, in presence of the sterile neutrino(s) in 
addition to the standard three neutrino scenario, C P violation is, generally, expected 
to be violated due to the nontrivial complex phases in neutrino mixing matrix. In order 
to measure C P violation, in a rephasing invariant manner using Leptonic Unitarity 
Quadrangle (LUQ), one has to construct rephase invariants from 4 x 4 neutrino 


mixing matrix V given by i =9 (Vi Vj Vij Vii) [1], where (i, 7) = 0, 1, 2,3 
and (f, f’) = s, e, 4, T. Inthe present work, we have considered the second approach 


to look for the prospects to measure C P violation in an rephasing invariant way in 
presence of one sterile neutrino [2]. 
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58.2 Relating LUQ Parameters with the Neutrino Mixing 
Matrix Elements 


The unitarity of mixing matrix V (V'V = VV‘ = 1) provide twelve orthogonality 
relations which corresponds to twelve unitarity quadrangles in the complex plane. 
Now, let’s consider a flavor state |17¢) that converts to |v’) after travelling a distance 
L km. The vacuum transition probability for this conversion is given by [3, 4] 


Prrsvy =Spp — 4D) (HR (Ve Veg V7jV ji) sin” (Xij FAP pis) 
i<j 


+25> (ay sin(2Xj; Apps) (58.1) 


i<j 


oi? 


where upper (lower) sign in “=F” sign correspond to neutrino (antineutrino) oscilla- 
tions. Also, Xj; = 1.27Am},L/E with Am;, = m5 _ m?, L is baseline length, and 
E is the neutrino beam energy. The flavor transition can be attributed to change 
in phase shift [4, 5] of the transition probability by phase angle Af f.;; defined 
as Ap p:ij = arg (Vr Vai Vii i), with Ap psig = —Appig = —Apepiji and Xij = 
—X ;;. The orthogonality relation Vo Vivo + Very Vin + Vez Vino + V73 Ving = Ocan 
be viewed as a quadrangle in complex plane, shown in Fig. 58.1. 

The angles of the LUQ can be expressed in terms of elements of the 4 x 4 neutrino 
mixing matrix as 


Fig. 58.1 The LU Q in the 
complex plane 
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Vp2Ve, Ve3Vi, 
y=arg|—- i IZ ,O=arg|— ui a : (58.2) 
Via Vir VeoVin0 
From these relations we find that a=a—Avprpio1, B= 7— Appi, 


y= m1 — Apip.23,6 = 7 — Ayr p.03- We write the oscillation probabilities (58.1) in 
terms of geometrical parameters of LUQ for neutrino and antineutrino as, 


P= a@4+?4+c? +d — 2abcos (2X, + a) — 2be cos (2X12 + 8) 
—2cd cos (2X3 + y) — 2ad cos (2X3 + 4), (58.3) 


58.3. CP Asymmetry in Terms of Independent Geometric 
Parameters of LUQ 


In order to, uniquely, determine LUQ we choose two sides and three angles viz. 

(b, c, a, 3, y) as the five independent geometrical parameters. Then, all other para- 

meters of the LUQ can be expressed in terms of these five independent parame- 

ters. From Fig. 58.1, we find thata + 6+7+6 = 27,6 =2n—o anda = —gqsin 

(y — 2) esc, d = —q sin (a — a2) csc a, where, gq = /b? + c? — 2be cos B, 2 = 

—1 ( bsing 
q 


), a2 = sin“! (22) andg =a+(6+7. 


We write (58.3), in terms of five independent geometric parameters (b, c, a, 3, 7). 
The oscillation probability can be written as 


sin 


P= q’sin’ (y—~p) es’ o +b? +c? +4’ sin? (a — a2) ese” o 
+2qb sin (y — y2) esc o cos (2X9; + a) 
—2bc cos (2X12 + 2) 
+2cq sin (@ — az) csc a cos (2X73 + Y) 


—2q’ sin (y — 72) sin (a — az) esc” o cos (2X03 FO). (58.4) 


Equation (58.4) provide the oscillation probability in terms of five independent geo- 
metric parameters of the LUQ. From current neutrino oscillation data [6] and consid- 
ering the case of E/L ~ Am‘, we find that X12 is O(1) and Xo), Xo3 >> 1. Thus, 
the oscillations induced by the oscillation frequencies X23, Xo; and X03 will be aver- 
aged out due to integration over the neutrino production region and energy resolution 
function. Thus, we can write oscillation probability for long baseline experiments 
as 
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P= q’sin? (y—) csc? o +b? +c? +4? sin? (a — an) esc” o 
—2bc cos (2X12 + 9). (58.5) 
The CP asymmetry can be written as 
AP = 4bcsin (2X12) sin (3. (58.6) 
In short baseline neutrino oscillation experiments, with neutrino energy 
E = O(GeV) and L = O(1 km) (E/L ~ 0.1eV* such that |Xo1| ~ |Xo2| ~ |Xo3 


| ~ 1), we can neglect the oscillations due to frequencies X 2, X23 as their contribu- 
tions will be small. Under these approximations, (58.4) can be written as 


P= q’sin? (y—) csc? o + b* +c? +4? sin’ (a — an) esc” o 


+2qb sin (y — y2) csc o cos (2X91 + @) 
—2q’ sin (y — 72) sin (a — a2) esc? o cos (2X03 F 0), (58.7) 


and C P asymmetry as 


AP = —4gqbsin (y — y2) csc a sin (2X01) sina 
—4q? sin (y — 72) sin (a — az) esc a sin (2X93) . (58.8) 


The C P asymmetry is sensitive to all the five independent parameters viz. b, c, a, 3, 7 
of LUQ. Thus, next generation short baseline experiments provide unique opportu- 
nity to construct leptonic unitarity quadrangle and to measure CP violation. Such 
opportunity to measure C P asymmetry will not be there if we try to directly measure 
CP phases under aforementioned approximations because the information on C P 
phases will be lost as new oscillations are, averaged out or small. We have, also, 
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Fig. 58.2 Probability distribution of the geometric parameters of LUQ based on the current exper- 
imental data on neutrino masses and mixings [6] 
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obtained the probability distributions for two of the independent geometric param- 
eters (sides b, c) of LUQ, as shown in Fig. 58.2. Similar plots can also be obtained 
for G and +. These probability distributions for independent geometric parameters 
have been obtained using parametrisation as in [7] of the mixing matrix V. For other 
possible parametrisations of 4 x 4 mixing matrix, the relations obtained for the inde- 
pendent geometric parameters will remain identical. However, there may appear C P 
phase(s) depending upon a particular type of parametrisation considered. 


58.4 Conclusions 


In conclusion, we find that short baseline experiments have bright prospects to mea- 
sure C P asymmetry as we can construct the LUQ and subsequently, measure C P 
violation because C P asymmetry depends on all the geometric parameters of LUQ. 
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Chapter 59 ®) 
Weibull Approach to Study Multiplicity crest 
Moments in ete™~ and pp Collisions 


Ranjit Nayak, Ashutosh Kumar Pandey and Sadhana Dash 


59.1 Introduction 


Previous investigations based on normalized factorial moments have shown that 
intermittency is the general feature of particle productions which is related to the 
dynamical fluctuations in phase space. These fluctuations originate from random 
cascade processes involved in particle production [1] or branching processes in jet 
formation [2]. HERWIG [3] and Lund PS [4] model of QCD describe the charged 
particle production in ete~ annihilation. This showed that a sequential branching 
process plays a significant role in understanding the particle production mechanism 
based on general cascading processes. 

Recently the Weibull model of characterizing charged particle multiplicity distri- 
butions in hadronic and et e~ collisions showed a good agreement with the measured 
data [5, 6]. It has two parameters namely \ and k. The former can be related to the 
mean multiplicity and the latter can be associated to the dynamics of particle pro- 
duction. As the source of intermittency or density fluctuations can be related to jet 
cascading or sequential branching processes, the signature of the same was seen in 
ete collisions. In this work, a complete analysis of higher order factorial moments 
and raw moments based on Weibull model of the charged particle multiplicity distri- 
bution is carried out. The calculated moments are compared to the measured moments 
obtained in e*e~ annihilation recorded with the OPAL detector [7] at LEP energies 
and in pp collisions by UA5 and CMS experiment [8-10]. 
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59.2 Normalized Raw and Factorial Moments 


66199 


The probability distribution of a random variable “x” is given by 


foo Ak = - (5) ve Gy (59.1) 


The nth raw moment of Weibull distribution is given by 


ae a (1 dh ) (59.2) 


where m, = AI (1 + t) is the mean of Weibull distribution. The nth factorial 


moment of a variable “x” is defined as f,, = (5). The nth normalized raw “C,,” 


and factorial moments “F,,”’ are defined as 


C, == (59.3) 
mM, 

ees (59.4) 
m 


59.3 Results 


The intermittency phenomena and genuine multi-particle correlations of charged 
particles are studied using the higher moments of Weibull distribution in various bins 
of rapidity, pr and azimuthal angle. The model parameters, and k were extracted by 
using the expression for second order and third order normalized factorial moments. 
The top panel of Fig. 59.1 compares the calculated values of F4 and Fs to the measured 
data for various bins of rapidity. One can observe that the higher order factorial 
moments calculated from the Weibull model is able to nicely reproduce the data 
values within the error bars. As similar study was also carried out for the higher order 
moments in pp collisions using data sets of UA5 experiment (at 200, 540 GeV) and 
CMS experiment (at 0.9, 2.36 and 7 TeV). The comparison of the calculated moments 
with the measured data and their evolution with beam energy is shown in the bottom 
panel of Fig. 59.1. 
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Fig. 59.1 Top: Factorial 
moments of order q = 4 and 
5 as a function of M, where 
M is the number of bins of 
the 1-dimensional subspaces 
of the phase space of 
rapidity, in comparison with 
the predictions of the Weibull 
parametrization. The datas 
are taken from [7]. Bottom: 
Normalized raw moments 
plotted as a function of 


/swnw for pp collisions. The 
datas are taken from [8-10] 
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The normalized higher order factorial moments and raw moments of the charged 
particle multiplicity distributions in et e~ and p/p collisions have been studied using 
the Weibull model. The Weibull parametrization provides a nice description of the 
higher order factorial moments especially in smaller intermittency bins of the phase 


space of rapidity, azimuthal angle and transverse momentum for e+e 


collisions. 


A good agreement is also obtained for higher order normalized raw and factorial 
moments in p/p collisions. This study further establishes that the Weibull distribution 
is the optimal distribution to describe the charged particle multiplicity in ete~ and 
pp collisions compared to other available statistical models. [11, 12] 
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Chapter 60 M®) 
Study of Centrality and Beam Energy cpset 
Dependence of dN,;,/dy and dE7/dy 

at Midrapidity Using Two Component 
Approach 


Ashutosh Kumar Pandey, Ranjit Nayak, Basanta. K. Nandi, Sadhana Dash 
and Priyanka Sett 


60.1 Introduction 


In heavy ion collisions, particle production is done by two processes: “hard” scatter- 
ing processes, characterized by the production of high transverse momentum (pr) 
particles, are expected to scale with the number of collisions, N¢oi; while, the produc- 
tion of low pr particles (from soft processes) is expected to scale with the number 
of participants, Nparr [1]. The energy and centrality dependence of the charged par- 
ticle multiplicity density (dN.,/dn) and the transverse energy density (dE7/dn) 
with collision gives important information on the relative contribution of hard and 
soft processes to the particle production mechanism. In this work, we have studied 
the variation of dN,,/dn (and dE7 /dn) with centrality and beam energy using the 
two-component approach. The two component approach [1] parametrizes dN,,/dn 
by the following expression: 


ANep 


Here np, represents the average charged-particle multiplicity in a single proton- 
proton collision and x refers to the fraction of “hard” partonic interactions. A similar 
approach was also used to explain the variation of dE 7 /dn dependence with colli- 
sion centrality and energy. In the case of dE; /dy, mean E7,, was treated as a free 


parameter. We have used the x parameter values obtained from the dN.»,/d7 fit. 


(Nout) ag (Non?) (60.1) 
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60.2 Analysis 


The data for dN.,/dn and d Ez /dn for Au+Au collisions at mid-rapidity have been 
presented by PHENIX experiment for a large set of energies at RHIC [7]. The LHC 
data for dN.,/dn in Pb+Pb collisions at 2.76 and 5.02 TeV has been taken from 
ALICE experiment [6, 8] and the dE; /dn data for 2.76 TeV can be found in [9]. 
The values of n,, were taken from p-p collisions for a particular energy. Since 
values of np, were not available for all energy, we have extrapolated ,/s dependence 
of measured n,, in pp collisions at different energies to obtain n,,. The values of 
(N part) are obtained from the Monte-Carlo Glauber model [10]. The values of (Noi) 
can be obtained by a simple power law parameterization of (Npar+) obtained from the 
Monte-Carlo Glauber model [10]. The dependence is given by, Neo =a x N sane é 


60.3 Results: Charged Particle Multiplicity Densities 


One can observe in Fig. 60.1 that at RHIC energies, the scaled multiplicity densities 
do not have a strong dependence on the (Npq,r) and have a flat behavior. However, 
the observed trend for LHC differs from RHIC. As a function of system size, the 
scaled multiplicity density shows an increasing trend, which one can expect from 
the large difference in collision energies. 
A variable Rxyy = ana Lx/ Wes 
ratio of multiplicity densities at energy X and energy Y (where X > Y). The ratio is 
evaluated for similar (Nparr) values for both the energies considered [2]. On careful 
observation, one can see that the trend does not follow strictly the energy difference 
only. For example, the values of R2760/200 1s consistently lower than R299/19.6 although 
the collision energy difference is more for the former than the later. Therefore, one 
should also take into account an increase in the x factor along with an increase of 


energy. 


ly, is used to denote the magnitude of the 
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Fig. 60.1. dNcn/dn measured in heavy ion collisions. The dashed line represents the fits to (60.1) 
performed by x* minimization. Most right plot shows, the variation of the double ratio of the 
charged particle multiplicity density (refer text) as a function of (Npart) 
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60.4 Results: Transverse Energy Density 
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The results of the fit for dE; /dn are shown in Fig. 60.2. The model describes the 
data very nicely for all energies from RHIC to LHC. The extracted values of Fr, is 
plotted as a function of ./s in Fig. 60.3. The scaled energy densities do not have any 
centrality dependence. 

This behavior is also seen in the pair wise ratios of dE; /dn at two different set of 
energies as shown in Fig. 60.2. The magnitude of the ratios depends on the factor of 
difference in energy. One can conclude that the role of x is not significant in dictating 
the observed trend in case of transverse energy densities. 
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Fig. 60.2. dE7/dn measured in heavy ion collisions. The dashed line represents the fits to (60.1). 
Most right figure shows, the variation of the double ratio of the charged particle energy density 
(refer text) as a function of (Npart) 
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60.5 Summary 


The mid-rapidity dN.» /dn and d Er /dn were described nicely by the two-component 
Glauber approach for a broad range of energies. The value of x increases with an 
increase in beam energy (Fig.60.3) but the increase is not very significant with 
respect to centrality. The pair wise ratios of the multiplicity densities at two different 
energies shows a scaling which depends on the interplay of energy difference and 
the contribution from the hard scattering component. The later plays no role in the 
observed order of ratios for the transverse energy densities. 
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Chapter 61 ®) 
Degenerate Quantum Vacua and Kerr rie 


Family of Black Holes 


Sunita Singh, Supriya Kar, K. Priyabrat Pandey and Abhishek K. Singh 


61.1 Introduction 


Dirichlet (D) brane are describe as the non-perturbative objects in ten dimensional 
type II superstring theory. For a constant Neveu-Schwarz (NS) background in an 
open string theory, the U(1) gauge field turns out to be non-linear on a D-brane 
and has been shown to describe an open string metric [1]. In this article I will 
explore the dynamical aspect of NS two form. In the context, the Kalb-Ramond 
(KR) field dynamics are used to define a modified derivative in an effective gravity 
theory [2]. It has been shown to govern emergent curvatures on a gravitational pair 
of (33)-brane. The Schwinger pair production mechanism is generalised to stringy 
pair production via the KR field. The non-perturbation consideration is important 
to describe Hawking radiation phenomenon at the black hole event horizon. The 
idea is used for the open strings used for the open strings pair production [3] by an 
electromagnetic field. 


61.2 String-Brane Model 


We consider the dynamics of KR field on a D4-brane in presence of an background 


open-metric Gy) [1], sourced by constant NS two form, leads to the equation of motion: 
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Oy, HY + 1 gay Gag H Mv = 0. A priori, identification of the gauge theoretic torsion H3 with 
a connection modifies the covariant derivative to D,, [2]. This consideration leads to the absorp- 
tion of KR field quanta and hence D,, describes a ‘fat’ brane or a string-brane model. It can 
be argued to describe a vacuum created pair of gravitational (33)-brane underlying a geomet- 
ric torsion curvature. This modification in the gauge connection results to the geometric torsion 
Hyvr = Dy By, + cyclic in (u,v, A). The U(1) gauge invariance of H3 under NS field trans- 
formation incorporates a symmetric fi =C Hop He? = CF gk ,, correction which in turn 
defines an emergent metric: Gjy = Go + fy. The generic curvature tensors are worked out 
using the commutator of the modified derivative operator [2]. Hence the dynamics of a geomet- 
ric torsion, appear to modify the Riemannian curvature tensor to an effective curvature tensor 


Ke - In terms of the ir-reducible curvature tensor K the action governing D3-brane dynamics is: 


SB = sb [dtsV=G (Ke — FF FH), 


61.3 Degenerate Kerr-Newman Black Hole 


A priori, an effective D3-brane may seen to be influenced by a generic torsion. Nevertheless, we 
argue that a geometric torsion completely decouples to yield a stable vacuum in the semi-classical 
and in the quantum regime. The Minkowski vacuum on a D3-brane is defined with a flat metric gj 


F F F : 2 2 Pa gy2 4 2492 29749 ; 

in Boyer-Lindquist coordinates as: dsq,, = —dt“ + xtdr° 4 pid + Aq sin’ 0d¢~,where Ag = 
(r2 +a) and pa = (r2 + a’ cos? 6). The two form ansatz leading to a family of Kerr vacua in 
Einstein gravity in 5D is worked out [6]. Here gauge choice considered is: A; = — a Ag= 


aQr sin? 6 
2, 
Pa 


2M \ 1/2 a*sin26+2M  a*sin?26—2M me 
B, = ( ) oe ( : ) (61.1) 
a Aa Pa 


where (M, Q) are arbitrary constants and are identified as mass and non-linear charge with a lower 
cutoff (M, Q > a) in quantum gravity. The gauge ansatz freezes the local degrees of torsion on a 
D3-brane within a vacuum created pair of brane/anti-brane. Hence the dynamics is solely contributed 
by an one form in four dimensions. In turns the nontrivial geometric field strength reduces in the 
gauge choice, i.e. F, > F5[6]. 

Mathematical engineering of the gauge ansatz in the effective metric leads to a quantum geometry 
with relatively wrong signs in the causal patches which can be corrected by introducing a projection 
matrix ([4, 6]). The metric so obtained in bane window r4 >> M? andr® >> Q* yields: 


2M. Q? 4r2a? cos? 0 
ds? (: a2 E a }) dt? 


Pa PS - 
2M — a’ sin? 6 Q? 4r2a2 cos20]\ o 
1 5 += |] : dr 
Pa PaAa Pa 
(: ao" [sine re *)) P de. — 209" VBa sin 0 di.d0 
a Pa Pa 
2M A ? sin? 0 A 4a? Q?r? cos” 6 
(1 ; E *| ie E t|s =— ) sin? 6a" 
Pa Pa Pa Pa Pa 
2./2M4, A A 1p 
5 (om E s| * |e? sin?) sin 0 dtedd. (61.2) 
a Pa a 
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The emergent quantum Kerr Newman(KN) geometries ensures G;;G;; 4 1 which defines an ergo- 
sphere around the horizon(s). Importantly, for the black hole geometries, the horizon radius is 
rh = V2M — a*. Strikingly the event horizon in a charged quantum black hole is independent of 
the charge Q. Thus the physical quantity such as entropy remains unaffected by the charge. A 
thermodynamic analysis under dU = TdS, reveals a constant internal energy for a large class of 
black holes defined with different Q. It leads to a degeneracy in a quantum KN black hole. Now lets 
try to explore more on these quantum geometries in the low energy limit where lowest order terms 
(2M/ p2) and (Q? / ps) become significant in the causal patches. Under the limit the KN quantum 
geometry with + Q* term (61.2) characterized by two horizons at 


1+ |14 


2 (r? — a? cos? 62)" 


1/2 
[2 — a* cos? 04 4a2r? cos? 64 — 402 


It shows that in the limit, an event horizon develops a charge dependence and the geometry reduces 
to semi-classical KN blackhole. Interestingly, the degeneracy of quantum KN blackhole disappears 
and it may well be described by a Einstein—Maxwell theory. 

The KN quantum geometry defined with — Q? term (61.2) in a low energy limit simplifies to a 
charged Kerr black hole and yields an event horizon: 


1/2 
a rz — a? cos? 04. te, ba 4a?r? cos? 64 +407 
pd T T 

2 (r? — a? cos? 64) 


Unlike to a semi-classical KN black hole, a charged Kerr black hole is a priori described by two 
non-linear charges (M and Q) and a single horizon. It shows that the potential due to a two form and 
that due to an one form are in equivalence at the horizon of the charged Kerr black hole. Thus one 
of the non-linear charges may be absorbed by the other without any change in the characteristics of 
the black hole. 

Conclusively, it implies that in the emergent curvature theory, we obtained degenerate quantum 
Kerr—Newman black holes which in the low energy limit reduces to semi-classical Kerr-Newman 
and classical Kerr black hole in 4D. Hence, the degeneracy disappears at the expense of the charge 
of the black hole. 
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Chapter 62 ®) 
Measurement of Charged Jet Cross cre 
Sections and Jet Shapes in Proton—Proton 
Collisions at ./s = 2.76 TeV with the 

ALICE Detector at LHC 


Rathijit Biswas 


62.1 Introduction 


Jets are defined as the collimated stream of final state hadrons, produced from the 
fragmentation of hard scattered partons (quarks and gluons) in high energy collisions. 
Jets serve as tool to connect the final state hadrons with the primarily produced partons 
and thus they are probe to test perturbative quantum chromodynamics (pQCD). The 
study of jet shapes provides details of the parton to jet fragmentation with insight 
to jet transverse profile. Furthermore, the measurements in pp serves as a baseline 
reference for similar measurements in heavy-ion (AA) collisions, where a highly 
dense medium is created, to isolate the hot matter effects. 


62.2 Data Analysis, Jet Reconstruction and Observables 


For this analysis, 4.4 X 10’ minimum bias events recorded by the ALICE detector 
at the Large Hadron Collider (LHC) during 2011 are used. Events with primary 
vertex within +10 cm along the beam axis from the geometrical interaction point 
are analysed. Charged tracks are reconstructed using the combined information from 
Time Projection Chamber (TPC) and Inner Tracking System (ITS) and tracks with 
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po > 150 MeV/c, | n'"¢“* | < 0.9 are selected for the analysis. Jets are reconstructed 
using sequential recombination anti-k7 [1] jet clustering algorithm from the FastJet 
package [2]. The differential charged jet cross sections are measured with R = 0.2, 
0.3, 0.4 and 0.6 using the equation 

Fo tech gee a 1 AN jets peels 
dprdy *" 


=> 62.1 
int Apr An Pr ( ) 


where £'”" is the integrated luminosity (1.3 nb~! in our case) and AN jets the 
number of jets in the selected intervals of Apr and An. Jet shape observables such 
as average numbers of charged tracks in a leading jet ((N-n)), leading charged jet 
size (average radius containing 80% of the total jet pr, (Rgo)) and radial distribution 


SUM 


of pr density about the jet axis (dp7"/dr) are measured for R = 0.4. 


62.3 Corrections and Systematic Uncertainties 


The jet pr spectra are corrected for instrumental effects by the Bayesian unfold- 
ing technique [3] using Monte Carlo (MC) events and full detector simulation with 
GEANTS3 [4]. Jet shape observables are corrected using a bin-by-bin correction tech- 
nique. All the observables are further corrected for the contribution of the underlying 
event (UE) from sources other than hard scattering. The UE is estimated following 
the technique used by ALICE [5] and subtracted event-by-event for jet py spectra 
and on a statistical basis for jet shape observables. The sources of systematic uncer- 
tainties include finite efficiency and momentum resolution, UE estimation and the 
dependence of correction factors on MC event generators. 


62.4 Results 


Figure 62.1 shows jet production cross sections for R = 0.2, 0.3, 0.4 and 0.6 (top), 
the (N,,) distribution for R = 0.4 (bottom left) and the (Rgo) distribution for R = 0.4 
(bottom right) as a function of jet pr. (N-,) increases monotonically with increasing 
jet pr as seen in earlier measurements. (Rgo) is contained within half of the total 
radius for the lowest jet pr, and it decreases for higher jet pr. Different MC models 
such as HERWIG [6] and different tunes of PYTHIA6 [7] agree within 10% with 
the data whereas PHOJET [8] agrees within 15%. The results for (N.,) and (Rgo) at 
2.76 TeV are also compared to earlier measurements at 7 TeV (Fig. 62.2, top left and 
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Fig. 62.1 Top: Charged jet production cross sections for R = 0.2, 0.3, 0.4 and 0.6. Bottom left: 
(Nen) distributions for R = 0.4 with different MC generator predictions and their ratios. Bottom 
right: (Rgo) distributions for R = 0.4 with different MC generator predictions and their ratios. The 
vertical error bars in data and MC stand for statistical errors. The boxes and the grey bands show 
the systematic uncertainties 


right) and as such we do not see any ,/s dependence within uncertainties. Figure 62.2 
(bottom left) shows radial momentum distributions for four different jet pr bins as 
a function of distance from the jet axis. (dp7r*“’”/dr) is largest near the jet axis and it 
decreases towards the periphery. The measurements from various MC models are in 
good agreement with the data as shown in Fig. 62.2 (bottom right). 
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Fig. 62.2 (Nen) (top left) and (Rgo) (top right) at 2.76 TeV in comparison with that at 7 TeV. 
Bottom left: pr*“’” distributions for different jet pr bins for R = 0.4 with different MC generator 
predictions. Bottom right: Ratios MC/data. The vertical error bars in data and MC stand for statistical 
errors. The grey bands show the systematic uncertaintities 


62.5 Conclusions 


We reported measurements of charged jet cross section for R = 0.2, 0.3, 0.4 and 
0.6 and jet shapes for R = 0.4 in pp collisions at 2.76 TeV with ALICE. (N-n) 
increases with increasing jet pr. Measurements of (Rgo) and dp#"/dr reveal that 
high pr jets are more collimated. Various MC models well reproduce the data within 
uncertainties except (N-,) which agrees within 15%. No ./s dependence is seen 
within the measured uncertainties between 2.76 and 7 TeV. 
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Chapter 63 M®) 
Decay Properties of J* State of creek 
Quarkonia in Dirac Relativistic 

Formalism 


Manan Shah, P. C. Vinodkumar, Tanvi Bhavsar and Bhavin Patel 


63.1 Introduction 


The recent experimental observations particularly in the quarkonia sector have gener- 
ated renewed interest in the study of hadron spectroscopy [1-5]. The discovery of the 
Ne (2S), Xe, (2P) states and many high-precision experimental observations of vari- 
ous hadronic states [5] have necessitated reconsideration of the parameters involved 
in the previous studies. The prediction and discovery of the various excited states 
of the charmonium system encouraged the investigation of a variety of approaches 
to understand the systematic of charmonium spectra and decay properties, but new 
investigation of the Exotic meson, molecular and multiquark systems have created 
great interest in meson spectroscopy. Status of some of these states e.g. ~(4160), 
X(4140), X(4274), w(4415), Z,(10610) and Y,(10890) are still controversial and 
there exist disparities related to their decay properties. 


63.2 Theoretical Framework 


The quark confining interaction of meson is considered to be produced by the non- 
perturbative multigluon mechanism and this mechanism is unfeasible to estimate 
theoretically from first principles of QCD. For the present study, we assume that the 
constituent quarks inside a meson are independently confined by an average potential 


M. Shah (BX) 
P. D. Patel Institute of Applied Sciences, CHARUSAT, Changa 388421, India 
e-mail: mnshah09 @ gmail.com 


P. C. Vinodkumar - T. Bhavsar 
Department of Physics, Sardar Patel University, Vallabh Vidyanagar 388120, India 


B. Patel 
20 Tuxedo Crt, Scarborough, ON M1G 3S5, Canada 


© Springer International Publishing AG, part of Springer Nature 2018 281 
Md. Naimuddin (ed.), XX/ DAE High Energy Physics Symposium, Springer 
Proceedings in Physics 203, https://doi.org/10.1007/978-3-3 19-7317 1-1_63 


282 M. Shah et al. 


of the form [6, 7] 
1 
V(r) = 5 fl + y)(Ar®! + Vo) (63.1) 


where ) is the potential strength. In the stationary case, the spatial part of the quark 
wave functions 7(r) satisfies the Dirac equation given by 


[y°Eq — P— mg —V(r)lvqr) = 0. (63.2) 


The two component positive and negative energy solutions of the Dirac equation can 
be written as 


95 ig) ; 4 eA fi) rere ; 
wa ©) = Nay lear Vim) by WO) = Naty ( ates Jen J Vijm@) 
, , (63.3) 
Here +/— represents the positive (quark) and negative (antiquark) energy states and 
Nyij 18 the overall normalization constant. The optimised quark mass parameters mp 
and m, are 4.67, and 1.27 GeV respectively. 


63.3 I*+1-, yy and gg Decay Widths 


The right behavior of the wave function provides the correct predictions of the decay 
rates and important features of any successful model. The decay widths are computed 
using the expression given by [8, 9] 


8a 2 2 
iy Q TY) pcp: 2 0m), |. 

rv sit) = —4 IG sp) xii) +( sz, i) 

2p » ; /2. m r . m \ » . 
Pag ee S) + 3 {(1 = z) x h44(p; D) — (: = z) h__—(p; D) 

2p » 5. 
Pio: pI ap (63.4) 

P 


where hos, hy— and h__ are energy amplitude. In the present model the expression 
for the vector decay constant fy can be derived as 


+]-)73 
Iv = | (63.5) 
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Table 63.2 Vector decay constant of charmonia (in MeV) 


ns [present] [15] Exp. [5] 
1S 466.93 393 416+6 
2S 428.22 293 304+ 4 
3S 409.36 258 187+8 


63.4 Result and Discussion 


We have been able to predict the quarkonium s-wave masses of states which are 
in good agreement with the reported PDG values [5] and other theoretical models 
[10-14] . The predicted dileptons, digamma, digluon decay widths and decay constant 
are listed in Tables 63.1 and 63.2. The decay widths computed here would be useful 
for the identification of new mesonic resonances. 
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Chapter 64 ®) 
Analyzing the Mesonic Spectrum Using pee 
the Method of Schottky Anomaly 


Aritra Biswas 


64.1 Introduction 


The search for exotic hadrons has been rejuvenated in recent years with the discovery 
of the so called “pentaquark states” [1]. Along with the X, Y, Z states [2] discovered 
in the last decade by the different experimental groups [3] and the recent confirmation 
of the A(1405) as a molecular state [4] (which had been proposed earlier [5]), this 
has rekindled the quest for a better theoretical understanding of these states. Various 
models have been proposed to this end over decades [6]. We propose a model inde- 
pendent analysis in order to identify states which differ in their underlying dynamics 
due to different interaction scales responsible for forming composite mesonic states 
using the method of Schottky anomaly. 


64.2 Cy for an ideal system 


Consider a two-level system with energy-gap A. The canonical partition function is 
given by Z = 1 + e~ 84. Where B = 1/kgT is the inverse temperature.! The specific 
heat of the system at constant volume may be defined as 


10Z (54 


2 
Cy = p* Ee =e a) = B°[(E’) — (E)’1. (64.1) 


'The temperature is introduced here simply as a mathematical parameter to define the partition 
function of the system and no assumption is made regarding the system being in a heat bath in 
equilibrium. 
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Fig. 64.1 Schematic illustration of the Schottky peaks in the ideal case when the data contains two 
scales. The cutoff in the principle quantum number n are indicated in brackets 


Substituting for the partition function of the two level system we have 


2 Ae BA 


Cy = pb’ ———. 
. (1 + e-P4)? 


(64.2) 


When Cy is plotted against BA the Schottky peak appears at a value BA * 2.4. 
The location of the peak is a function of the energy gap in the system. A real- 
istic spectra, in general, might have more than one scale in operation. In order 
to simulate the effect such a system we first consider the spectrum of a three- 
dimensional Harmonic oscillator. The partition function of the system is given by 
Z) = oo) Dine Fho"+3/2) where the oscillator parameter w defines the scale in 
the problem and D(n) is the degeneracy of the level. We combine the spectra of two 
such systems with different values for the scale parameters (Fig. 64.1). The effect of 
combining is to normalize the specific heat with a single partition function given by 
Z(B) = Z\(B, hw) + Z2(B, hw). The peaks appear when the spectrum has a cut 
off otherwise, it will saturate as a function of temperature. In the next section we 
give our results for the analysis of the current heavy mesonic spectra taken from [7]. 
For a detailed discussion the interested reader is referred to [8]. 


64.3 Analyzing the Experimental Spectra 


e The charmonium spectra: When all the cc states are plotted together, the exis- 
tence of two peaks at T ~ 40 MeV and T © 190 MeV are revealed, indicating the 
existence of two well defined scales, which might be identified with the “hyperfine” 
and the “confinement” scales respectively. When the states are grouped according 
to their individual J values J = 0, 1, 2, the hyperfine peak vanishes, and only the 
confinement peak is retained. However, when only the “exotic” states in the char- 
monium mass range are plotted, we again find a double-peaked structure, where 
the confinement peak shifts to 100 MeV along with a sharp peak below 10 MeV. 
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e The bottomonium spectra The two peaked structure with distinct hyperfine (22 
MeV) and confinement (185 MeV) peaks are revealed for the case of the bot- 
tomonium spectrum also. The hyperfine peak disappears as expected when the 
states are grouped according to their J values and plotted again. The bottomo- 
nium exotics are however, scarce in number (three to be exact), with ill defined 
quantum numbers. It is hence premature to comment on these states. However, on 
plotting, they do retain the peak at 100 MeV, which is encouraging and may mean 
that the underlying mechanism for the charmonium and the bottomonium exotic 
states are the same. 

e The open charm spectra Compared to those discussed previously, this case is 
more complicated due to the presence of the isospin (J) symmetry along with 
the J symmetry. However, on plotting all the open charm mesons together, the 
corresponding Cy vs T plot shows the two-peaked structure with the confinement 
peak at T = 160 MeV and the hyperfine peak at T = 50 MeV approximately. On 
plotting states with the same J and / together, the hyperfine peak vanishes and 
only the confinement peak is retained. 

e The open bottom spectra The open bottom spectra are rather sparse as compared 
to the open charm scenario. Nevertheless, some features are already visible. The 
two peaked structure prevails on plotting all the states together. On grouping the 
states according to their J and J values, a well defined confinement peak is seen. 
However, due to the limited number of states, one should wait for the advent of 
more data in the future before drawing any conclusions for this sector. 


64.4 Summary 


I present a model independent analysis of the mesonic spectrum and show that it 
is possible to distinguish between the “exotic” and the regular states via to such an 
analysis, especially for the heavy meson sector. The light meson sector presents some 
difficulties, details of which can be found in [8]. 
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Chapter 65 ®) 
Constraining Non-Standard Interactions — sa" 
of Neutrino Using ICAL Detector at INO 


Amina Khatun, Sabya Sachi Chatterjee, Tarak Thakore 
and Sanjib Kumar Agarwalla 


65.1 Introduction 


The non-standard interactions (NSI’s) of the neutrino are theoretically well moti- 
vated, and after the discovery of large 3, there is a huge interest in the community 
to look for these NSI’s in the planned/proposed neutrino experiments. These NSI’s 
can arise due to the presence of new heavy particles [1, 2], or, very light mediators [3], 
which have not been discovered yet. The proposed ICAL detector is designed to detect 
the atmospheric neutrinos having multi-GeV energy, and traversing vast ranges of 
baselines through the Earth matter. In the presence of flavor changing neutral current 
interactions, the MSW resonance of neutrino in the Earth matter gets modified and 
the ICAL detector can play an important role to explore these NSI’s. The ICAL detec- 
tor is capable enough to efficiently reconstruct the momentum of jz~ (4*) produced 
in the charge-current interaction of v,, (v,,) with irons in the detector.! The hadrons 
are produced along with the j:* in deep-inelastic scattering processes in multi-GeV 
energy, and they carry important information about the initial neutrino. The energy 


'Detailed information about the ICAL detector can be found in [4]. 
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of hadron (E}, 4 =, — E,,) is calibrated using the number of hits in the detector 
due to hadron shower [5]. We study the future sensitivity of ICAL detector to place 
limit? on the NSI’s using the observables E,,, cos 6,,, and Ei, q of each event. 


65.2 Formalism of NSI’s 


We assume that the NSI’s present only in the propagation through matter due to 
flavor changing neutral current interactions between neutrinos and matter fermions, 
f = e,u,d. The effective four fermion Lagrangian for such NSI can be written as: 


Lie = —2V2 Gp eb d WayL vg) Fy’ Pf), (65.1) 


where G; is the Fermi constant. The superscript P represents the chiral projection 
operator {L, R = (1 = 7°)/2}. The NSI relative coupling strength with respect to 


Gr 1S 
Vr (Ls Rf 
Eas = 2 “| vz (ens + en)) ; (65.2) 


where V+ = J/2GrN f with N+ as the density of matter fermion f in the Earth. The 
subscript @ and ( are used to indicate the neutrino flavor e, ju, and T. 

We explore €,,; keeping other NSI parameters zero in neutrino evolution equation 
in matter. Many attempts are made to constrain ¢,,, using the data of atmospheric 
neutrino experiments. Super-Kamiokande collaboration presented upper limit, €,,, < 
0.033, at 90% C.L. in [7] by the combined analysis of SK I and SK I data. In the recent 
article [8], the strongest bound on ¢,,, is given using the one-year of high energy 
atmospheric neutrino data in IceCube experiment. The bound is —6.0 x 10-? < 
Eyr < 5.4.x 10-3 @ 90% credible interval (C.1.). 

We work in full 3 neutrino flavor paradigm using the numerically calculated 
oscillation probabilities with PREM profile of the Earth matter density. We generate 
the projected data at the ICAL detector using the oscillation parameters: sin” 43 =0.5, 
sin” 20;3 =0.1, sin? 2012 =0.84, Am3, =7.5 x 1075 eV”, dcp =0°, and Am2,,=+2.4 x 
10-3 eV, where + (—) sign stands for normal (inverted) hierarchy. The effective mass 
square difference, Aim is related to atmospheric neutrino mass square difference 
Am, as expressed in [9]. While fitting, we marginalize over sin? 033 € [0.36, 0.66] 
and Am2, € +[2.1, 2.6]x 10-7 eV* keeping other oscillation parameters fixed at 
their true values. The binning scheme for the reconstructed E,,, cos 6,,, and Ej,4q are 
given in Table 65.1. 


>The sensitivity of ICAL to put the bound on NSI is presented in article [6] using reconstructed j: 
momentum (E,,, cos @,,). 
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Table 65.1 The binning scheme adopted for the reconstructed observable E,,, cos 6,,, and Evad for 
each muon polarity 


Observable Range Bin width Total bins 
E,, (GeV) {1, 11] 
[11, 21] 


{—1.0, 0.0] 


cos Oy, 


Ehaa (GeV) 


Fig. 65.1 Limit on Eyr 25 ce T I TFT Tt I TTT TTT I Terry gg I ae a ae | T } Z 
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as true choice 20- : q 
a, 150 q 

ef te 4 

it | 

NO ia heen ciate are ene cue repeal ice 

5p q 

gb Ne 
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65.2.1 Result 


We produce the data with no new physics, and considering true values of oscillation 
parameters as mentioned above. In the fit, we introduce only the NSI parameter €,,; in 
the range [—0.1, +0.1], and we marginalize over the five systematics uncertainties® 
and the oscillation parameters as mentioned before. We use the Poissonian \7 as 
expressed in [10]. 

Figure 65.1 shows the sensitivity of ICAL detector to constraint ¢,,- considering 
10 years of run time assuming normal hierarchy (NH) as the true mass hierarchy. We 
can see from the figure that the ICAL detector can place at 3a C.L. an upper limit 
on |é,,;| around 0.02. 


3The details about these systematic uncertainties and their marginalization procedure using the pull 
method can be seen in [4, 10]. 
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65.3. Final Remarks 


The upcoming ICAL detector is capable to provide new informations on the neutrino 
oscillation parameters using atmospheric v and v separately in the multi-GeV range, 
which traverse wide ranges of baselines. This provides an opportunity to explore 
whether the neutrinos feel NSI’s while propagate through large distances in the 
Earth matter. In this paper, we set limit on the NSI parameter ¢,,, using reconstructed 
muon momentum and hadron energy of each event. We find that 500 kt-yr exposure 
of the ICAL detector can constrain the NSI parameter |¢,,,| < 0.02 at 3a confidence 
level. 
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Chapter 66 Mm) 
Study of Trapping Probability in Proton cro 
Irradiated Silicon Pad Detectors Using 
Transient Current Technique Simulations 


Geetika Jain, Chakresh Jain, Ranjeet Dalal, Ashutosh Bhardwaj 
and Kirti Ranjan 


66.1 Introduction 


In high energy physics experiments, prolonged exposure to radiation flux leads to 
radiation damage in the silicon (Si) detectors. This causes increase in leakage current, 
change in full depletion voltage and also charge carrier trapping, resulting in loss of 
charge collected (CC) and hindering particle detection operation [1]. The probability 
of a charge carrier to get trapped is given by the effective trapping probability, i.e., 
inverse of effective trapping time (Teg). Since Ter is not a directly measurable quantity, 
it can be estimated using an exponential term method described in [2]. In this method, 
a laser based characterization technique - the Transient Current Technique (TCT) 
is used to generate a time evolved carrier signal, also called the TCT signal. The 
integration of the TCT signal within a certain time window gives CC. Due to the 
charge trapping, CC decreases by an exponential trapping term, exp(-t/Tegr), where 
t is the transient time, with increasing fluence. To compensate for the trapping, the 
TCT signal is corrected by introducing an exponential term, exp(t/7,), where 7, is 
trapping time. The value of 7, is varied to determine Tet, such that for 7 = Tee, CC 
is independent and constant (after the full depletion voltage) as a function of bias 
voltage, for a particular fluence. 


66.2 Simulated and Corrected TCT Signals 


A similar procedure as described in the above section was carried out using TCAD 
device simulation tool. Silvaco [3] tool was used to generate TCT simulations at 
different voltages on proton irradiated silicon pad detectors [4]. The pad detectors 
were chosen to be p-on-n type with 15 kQ-cm resistivity and 285 1m thickness. 
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Fig. 66.1 TCT signal; a simulated at five different bias voltages, and b overlap of simulated and 
corrected for 7, =20ns, at 120 V; for fluence = 3 x 10!32eg-em~* 


The TCT signal at different bias voltages is shown in Fig.66.1a as a function 
of time, for fluence value of 3x 103iteqg-em™?. Similar TCT signals are generated 
at different fluence values. Next, by choosing different values of 7,, corrected TCT 
signals are generated. An example of the corrected TCT signal at 120 V is shown in 
Fig. 66.1b, for a value of 7, equal to 20ns. 


66.3 Calculating Trapping Time Probability 


CC is plotted for various 7, as a function of bias voltage as shown in Fig. 66.2. It is 
observed that CC decreases for small 7, and increases for large 7,, with increasing bias 
voltage. Thus three cases can be thought of - I: if 7, < Ter, this will cause incomplete 
correction of trapping; II: if 7 > Ter, this will lead to more correction than what is 
required; and III: if 7, = Tee, a complete and exact correction is accounted. 
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Fig. 66.2 The simulated and corrected charge versus voltage plot for different values of 7, for 
fluence of 3x 10!3neq-em~? 
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Fig. 66.3 a The slope of the linear fit to the corrected charge for the plot in Fig. 66.2 as a function 
of 7;. b The effective trapping probability as a function of fluence 


Hence, the slope of the linear fit for the plots is calculated. It is observed that 
the slope as a function of 7, changes polarity (shown in Fig. 66.3a) from negative to 
positive, according to the three cases as mentioned above. The value of 7, at which 
the curve intercepts the x-axis, i.e. when the slope goes to 0, is that value of 7, for 
which CC is independent and constant as a function of bias voltage and hence equal 
to Tere for that fluence. 

The above procedure is repeated for different values of the fluence to obtain Ter. 
Figure 66.3b shows the effective trapping probability plot as a function of fluence. 
Using a linear fit of the form 1/7eg = G - ¢, the value of @ is found to be equal to 
6.66 10°!®n5|-cm?-ns~'. This is close to the value 4.2 x 10!®nz'-cm?-ns~! reported 
in [2]. 


66.4 Future Outlook 


Further studies are envisaged at higher fluence, different detector depths, substrate 
resistivities, and also for p-type substrates. The effect of temperature on the effective 
trapping probabilities will also be investigated. 
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Chapter 67 M®) 
Charged Higgs Search in Bosonic Decays si 
Using Jet Substructure at the LHC 


Riley Patrick, Pankaj Sharma and Anthony G. Williams 


67.1 Introduction 


We study the prospects of a heavy charged Higgs at the Large Hadron Collider 
(LHC) in a type II two Higgs doublet model (2HDM-ID) wherein the constraints 
coming from b — sv decays dictate the charged Higgs boson mass My: be larger 
than 580GeV [1]. We mainly focus on the bosonic decays of the charged Higgs, 
ie., H~ — W~h;. These decays become large and dominant in certain region of 
the parameter space. For the benchmark point, we take My+ ~ My = 750GeV, 
M), = 125 GeV and My, = 150 GeV. For this hierarchical mass spectrum, interesting 
phenomenology occurs at the LHC. 

Most importantly, because of large mass splitting between H~ and A, the W~ and 
A which are produced from H~ decay, are highly boosted. These boosted bosons 
lead to very closely separated jets at the detector making them to resolve increasingly 
difficult. In such a scenario, jet substructure techniques prove to be quite useful. In 
this analysis we use boosted Higgs tagging algorithm to tag boosted Higgs arising 
from the decay of heavy charged Higgs. 
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67.2 Analysis 


We use Cambridge/Aachen jet clustering algorithm with cone radius R = 1.2 to 
cluster the jets and call these jets to be “fat jets”. Then we undo the last step of 
clustering and apply mass drop tagger to identify subjects. If two or more subjets 
are found, then these events are kept for further processing. After identifying two 
subjets, we apply b-tagging to each of them. If both the subjets are b-tagged, we 
refer them to be the Higgs jet. Subsequently, remaining hadronic constituents are 
clustered with anti-k; algorithm and we call them to be “narrow jets”. 

Before proceeding with boosted decision tree (BDT) analysis, we identify two 
signal regions by acknowledging the fact that the W boson coming from H~ tends 
to have large pr from the one that come from top quark. So, we first reconstruct 
leptonic W boson from charged lepton and estimated neutrino momenta, and then 
apply the cut on its pr. Events with Wiep with pr > 150 GeV are attributed to signal 
region I (SRI) and vice versa to signal region (SRIJ). 

In Fig.67.1, we display the input kinematical variables in signal regions SRI 
(bottom) and SRII (top) which are passed through BDT algorithm to estimate the 
signal significance over background in each of the signal regions. In SRI, as the 
leptonic W boson emanates from the charged Higgs, the missing energy distribution 
tends to peak at higher values relative to background. Also, there is only one fat jet 
corresponding to pseudoscalar. We display the mass distribution of leading fat jet in 
Fig. 67.1 which peaks at the value of pseudoscalar mass. Finally charged Higgs is 
reconstructed from the momenta of leptonic W and reconstructed pseudoscalar. The 
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Fig. 67.1 Input kinematical variables for BDT analysis in SRI (bottom) and SRII (top) 
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Fig. 67.2 Signal significance after BDT analysis in SRI (left) and SRII (right) 


invariant mass peaks at the charged Higgs mass, thereby, showing the usefulness of 
jet substructure technique. 

In the signal region SRII, as the charged Higgs decays hadronically into a hadronic 
W and a pseudoscalar, we expect to see two fat jets in these events. This peculiar 
feature is quite detrimental to backgrounds as very few background events have two 
fat jets with py > 100GeV. In the Fig.67.1 top panel, we display the kinematical 
variables that posses highest separation capability between signal and background 
events. These variables have been passed through BDT to optimize the signal sig- 
nificance. The invariant mass distributions of first two leading jets show two peaks 
corresponding to a W boson and pseudoscalar. The charged Higgs is reconstructed 
from the momenta of reconstructed hadronic W and pseudoscalar and its distribution 
peaks at 750 GeV. 

In Fig.67.2, we display the signal significance as a function of cut over BDT 
response for SRI (left) and SRII (right). The signal significance in SRI with 100 fb~! 
can be achieved to be at 80 while for SRII, we find that with 1000fb~! of data, we 
can achieve around 10c of significance which is a remarkable improvement over 
cut-based analysis. 


67.3 Summary 


To summarize, we study a heavy charged Higgs production at the LHC and focus 
on its bosonic decays which can be significant in certain regions of parameter space. 
The decay of such a H~ leads to collimated final state jets that are harder to resolve. 
We apply jet substructure techniques to resolve them and reconstruct each object in 
an event. We then utilize BDT analysis to optimize the signal significance over the 
background. 
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Chapter 68 Mm) 
Light Nuclei Production in Heavy-Ion sheet 
Collisions in STAR at RHIC BES 

Energies 


Sabita Das 


68.1 Introduction 


The ultra-relativistic collisions of ions at high energy density provides the suitable 
conditions to produce light (anti-)nuclei. Light nuclei are expected to form at a later 
stage of the evolution of the system because of their low binding energies. The light 
(anti-)nuclei can be produced directly or via final state coalescence of produced 
nucleons and anti-nucleons or participant nucleons in such relativistic heavy-ion 
collisions [1, 2]. The probability of light nuclei formation is proportional to the 
product of the phase space densities of its constituent nucleons [1]. The invariant 
yields of light nuclei can be related to the primordial invariant yields of nucleons as, 


aNa _ d?N ON oe, 


ape (En ao 4 wt Ba(Ep Po (68.1) 


where Ny, N,, and N, represent the yields of the particular nucleus, and of its 
constituent protons and neutrons, respectively. A and Z being the atomic mass num- 
ber and atomic number, respectively. Here, protons and neutrons are assumed to be 
produced with identical momentum spectra and py, = A X py. Ba represents the 
coalescence parameter and it is related to the freeze-out correlation volume [2, 3]: 
Bax Ve The coalescence parameter, B,, can be used to understand the space- 
time geometry of the system [4]. 
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68.2 Results and Discussions 


The results have been presented analysing the data sets collected in the year 2010 
and 2011 by the Solenoidal Tracker at RHIC (STAR) detector [5] having a large 
uniform acceptance. The data sets include the first phase of Beam Energy Scan (BES) 
program from Au + Au collisions at ./syy = 7.7, 11.5, 19.6, 27 and 39 GeV. In 
order to identify the light nuclei, the Time Projection Chamber (TPC) has been used. 
To extract the raw yield of light nuclei for a given py bin as shown in Fig. 68.1la, we 
have used a variable called Z which is in general defined as 


(dE /dx) |measured 


aie 
. ee (dE/dx) x expected 


(68.2) 


where X is the particle type (d or d, *He or 3He), (dE/dx) |measured 18 the measured 
energy loss of a track, (dE/dx) x lexpectea 18 the expected mean energy loss of particle 
X at a given momentum as obtained from modified Bethe-Bloch formula [6]. 

The raw yields are corrected on detector acceptance and tracking efficiency and 
also it includes momentum correction which are obtained from the embedding of 
Monte Carlo simulated data into the real data. 

Figure 68.1b shows the py spectra for *He in Au + Au collisions at /syv = 
39 GeV for different centrality bins. Spectra are measured at mid-rapidity | y| < 0.5 
and for four centrality bins. Errors of the py spectra are statistical only. The curves 
on the py spectra are Blast-wave model fits [7]. The average transverse momen- 
tum ((pr)) and integrated yields C) have been calculated using the functional form 
for unmeasured region. 
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Fig. 68.1 a The Z distribution for 7He in the TPC, at 2.2 < pr < 2.6 GeV/c and |y| < 0.5 in Au+ 
Au collisions at ./svn = 39 GeV. The curve represents the Gaussian fit. b Transverse momentum 
spectra for *He at mid-rapidity, |y| < 0.5 in Au + Au collisions at /Sww = 39 GeV. Errors shown 
are statistical only. The curves represent the Blast-wave fits to the spectra 
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Table 68.1 The parameter (7) extracted from the exponential fit (Texp(—x/po)) to the 4¥ ¥ of Pp, 


d and *He for 0- ne centrality. This can be compared with the chemical freeze-out seater 
extracted using the 2 © of other light hadrons [8] 
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Fig. 68.2. a The aN of p, d and 3He as a function of M — A x jg for most central bins in 


Au + Au collisions at ./swy = 7.7, 11.5, 19.6, 27, and 39 GeV. Errors shown for 3He is statistical 
only and for p and d, errors are quadratic sum of statistical and systematic. The lines represent fit 
with an exponential function. b The coalescence parameters Bz and ./B3 as a function of collision 
energy [9-11] 


The integrated yield of *He have been compared with that of p and d. Figure 68.2a 
shows the a of p, d and *He for 0-10% centrality in Au + Au collisions at RHIC 
BES energies, /Snn = 7.7, 11.5, 19.6, 27, and 39GeV. The lines represent the 
exponential fit to the yields and the extracted temperature is tabulated in Table 68.1. 
This shows an exponential decrease of — with increase of mass of the particle. 
Similar behaviour have also been observed in lower and higher collision energies 
with different slopes [9-11]. 

Figure 68.2b shows the coalescence parameters Bz and ./B3, which are derived 
by using the p; spectra of p (feed-down corrected), d, and He in (68.1), as a function 
of collision energy. B, is found to be decreasing with increase of collision energies 
which corresponds to an increase in freeze-out volume. It is also observed that both 
B> and B3 show strong centrality dependence in most central collisions. The smaller 
values of By in central collisions imply freeze-out volume at thermal freeze-out is 
larger than for peripheral collisions. This also indicates that the correlation length in 
nucleus coalescence grows with the system size. 
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68.3 Conclusion 


We have reported the new results of light nuclei from Au + Au collisions at RHIC BES 
energies at ./syy = 7.7, 11.5, 19.6, 27, and 39 GeV. The in was to found decrease 
with the increases of mass of the particle. The extracted coalescence parameters 
B, and ./B3 were observed to have similar values. The smaller values of B, for 
more central collisions imply an increasing source size with an increase in collision 
centrality. 
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Chapter 69 ®) 
Cosmological Pair Creation of Universe cro 
and Anti Universe at Big Bang 


Abhishek K. Singh, K. Priyabrat Pandey, Sunita Singh and Supriya Kar 


69.1 Introduction 


In the article, we explore the generalized curvature in an effective D4-brane to obtain 
a de Sitter Schwarzschild, Anti de Sitter Schwarzschild and a Topological de Sitter 
emergent black holes in a U(1) gauge theory [1]. It is shown that the emergent 
geometries on an effective D4-brane in a particular window identify themselves with 
the black hole geometries otherwise obtained in Einstein’s gravity. The emergent 
gravity is sourced by a two form in a U(1) gauge theory defined on a D4-brane. 


69.2 Effective Curvature on D4-brane 


We begin with a U(1) gauge theory on a D,-brane. In presence of the flat background 
metric g,,, the A,,-field dynamics is given by the S = a f d°x ./—g F? where 
1 


C i = (4n79;)a’ Alternately, the Poincare dual to the electromagnetic field is 
described by a B-field which in turn describes a torsion. The two form gauge dynam- 
ics is given by the § = Be f x J=G HywyH”* where C3 = (873g,)a’”/” and 
Ay = 3V{,B_y,- In the context, an appropriate covariant derivative D,, on a brane 


may be constructed using the two form connections. The covariant derivative in a 
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gauge theory becomes D) By, = V\ Buy — Trp? Boy + Uv? Bp, where —20,? = 
Ay”. An iterative incorporation of Bz-corrections, to all orders, in the covariant 
derivative leads to an exact derivative. The covariant derivative modifies H,,,, to 
Fei = Ay + 3 Ay * By Gag +... 

Interestingly, a B2-field dynamics in a first order formalism may be viewed as 
a torsion dynamics on an effective D4-brane in a second order formalism leading 
to a fourth order generalized tensor 4K,” = 20,Hyy? — 20) Hypr? + Ayr’ Avo? — 
Hy Ho”. For a non-propagating torsion, K,,,)7 — Ryvrp- In a second order for- 
malism the 7/3 dynamics on an effective D4-brane may be approximated by 


1 oe 
= ae axV¥-GK , (69.1) 
2 


where G=detG jv. Generically the emergent metric takes a form 
Gy = (Gur + C AyprypH?,) , where Gu = (Gav — BuxB*,) and B,, signify the 
background fluctuations. 


69.3 Tunneling Emergent de Sitter Geometries 


The two form ansatz which solve the equation of motions are given by B,,, = B,y = 


p3 : 3 . : 
oan , Boy = nT sin? w cot dand Byg = Bn sin? 7) cos 6. A geometric 


torsion, sourced by a two form in a gauge theory, is worked out to yield Hoe” = 
(2ma’)-! 2. (sin? sin) , Hog! = —Hog” = (20a')~3/? 2% (sin? y sin 8). In the 

: : 6 2 : : es 2 
brane window given by S << p << 1 and using Weyl scaling G,, = 2G, a 
large conformal factor due to the allowed range of r enforces a quantum geometry. 
The effective D4-brane geometries in the quantum regime becomes 


—l 
ds? tas NS” Pale 2) peated 
= 76 be 76 pe ee pide Sree 


74 


tt ( + =) (ata a at + dr) rdw 4 = a0) . (69.2) 


69.4 Projection Matrix: Sewing up of Quantum Patches 


The projection matrix given by: 


1 (GilS) GS) 
M=; (69.3) 
G(T) Gi,(1) 
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where ; Gi.(s)=(1- 5 - Po) gr (S)=(1- He PO ” G(T) = ja © ane (T) = 
> Vt _ be po peo oEr = be po rw tt = be yo rr > 
-1 
(1 - 7 + 3) yields present brane geometry but action of M~! gives Schwarzschild 
de Sitter solution for first sign and Topological de Sitter solution in the 


ds? = en Ok eee ee ee ee eer 
he pe ag PP NS ge ge eg ee 


2P® ee a ee 
E Sa dt tdrydw + | 5 F ira J des. (69.4) 


One may interpret the action of M~! as rejoining of casually disconnected quan- 
tum space time patches. 


69.5 Tunneling 


The pure de Sitter geometry represents degenerate matrix which may be interpreted 
as Big Bang singularity. It absorbs discrete quanta of Kalb Ramond and stabilizes into 
pair creation of Schwarzschild de Sitter (SDS) geometry and under various dynamical 
growth of parameters we observe SDS tunnels to Narai limit, and after that observer 


is in temporal phase. Further growth of parameter “p” leads to Topological de Sitter 
solution. 


69.6 Conclusion 


The effective space time underlying torsion dynamics has been proposed in this 
model. We expect at high energy the torsion to play dynamical role and at low 
energy the torsion freezes dynamical degree to generate well understood Einstein 
classical gravity solutions. 


308 A. K. Singh et al. 


Reference 


1. A.K. Singh, K.P. Pandey, S. Singh, S. Kar, JHEP 05, 033 (2013) 


Chapter 70 ®) 
Effects of Leptonic Non-unitarity on crest 
Charged Lepton Flavor Violation, 

Leptogenesis and Lightest Neutrino Mass 


Gayatri Ghosh and Kalpana Bora 


70.1 Introduction 


The cosmological constraints of the sum of the 1» masses bound is )0; m(vj) < 
0.23 eV from CMB, Planck 2015 data (CMB15+ LRG+ lensing + Ho) [1]. We note 
that the lepton mixing matrix U has a big mixing and we know almost nothing about 
the phases. The discoveries of neutrino mass and leptonic mixing have come from 
the observation of neutrino flavor change, v, — vg. CP violation interchanges every 
particle in a process by its antiparticle. In the usual unitarity scenario, the three active 
neutrinos, the flavor eigen states v., v,,, v; are connected to the mass eigen states 11, 
V2, V3 Via Vo = Najv;, where N‘N = 1. Here N is the generalised v mixing matrix 
which could be both unitary and nonunitary. In the See-Saw picture, we assume that, 
just as there are 3 light neutrinos 11, 12, 13, there are 3 heavy right handed neutrinos 
M,, M>, M3, where Mr ~ 10°-'* GeV,Mr ~ M,, Mo, M3 which were there in the 
Hot Big Bang. The Mr decays modes are: 


M>I-+Ht,Molt+H-,Mov4+8°,M>7+H° (70.1) 


where, /~ are e~, ., 7 and H+, H~, H° are the Higgs field. CP violation effects 
in the Mr decays, may result from phases in the decay coupling constants. This leads 
to unequal numbers of leptons (/~ and v) and antileptons (/* and 7) in the Universe. 


r(MoIt+H)AT(MoI +H") (70.2) 
The region of temperatures belonging to 10° < T/GeV < 10!" and T/GeV < 


10° are respectively denoted as two and three flavor regimes of leptogenesis. The 
paper is organized as follows. In Sect.70.2, we show the effect of low energy 
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Table 70.1 Our calculated constraints on non-unitarity parameter 7)7¢, N71, Nye from latest CLFV 
decays 


Branching ratios on cLFV decays Calculated bounds on |7)\a8 
BR(w > e+ 7) =42 x 1078 INuel = 6.64733013 x 10-6 
BR(t > p+) =4.4 x 1078 lNrp| = 5.11766 x 10-3 
BR(t > e+) =3.3 x 1078 Inre| = 7.021 x 10-7 


phenomonology of non unitarity on charged lepton flavor violating decays in type 
I seesaw theories and present the values of various parameters used in our analysis 
for the generation of baryon asymmetry of the Universe through the mechanism of 
leptogenesis. Section 70.3 contains our calculations and results. In this paper we cal- 
culate values of lightest neutrino mass, which is important as its value is not known 
precisely yet. 


70.2 Low Energy Phenomonology of Non-unitarity and 
Leptogenesis 


One interesting feature of non-unitarity of the PMNS matrix lies in Lepton Flavor 
Violation (LFV). Ee calculate latest updated bounds on |17;¢|, |Quels [Nuels Mrul. The 
calculations are summarised in Table 70.1. 

Returning to leptogenesis, the baryon asymmetry should lie in the interval, 5.8 x 
107!° < Yg < 6.6 x 107!° [2]. For the Normally ordered light 1 masses, we have 


M8 — diag(M,, Mz, M3) = Midiag (1 ms al = Mydia (: aid =) 
R 1, M2, M3 1 a Mi 1 diag aa ae 

(70.3) 

Withm, € [10-°eV, 10-'eV], and, ms - m+ = 7.60 x 10-5eV?, my - m+ = 2.48 x 

10-7eV? as is evident from the v oscillation data [3], m, being the lightest of three v 

masses. For flavored leptogenesis regime, we take M; ~ 10!° GeV. Next we do the 

parameter scan for flavored leptogenesis of a minimal seesaw model satisfying the 

Planck data on baryon to photon ratio of the universe. 


70.3 Calculations and Results 


We show in Fig. 70.1la that in the two flavor regime of leptogenesis, normal hier- 
archical structure of neutrino masses, non-unitarity texture of PMNS matrix gives 
rise to correct baryon asymmetry of the Universe, 5.8 x 107!° < Yg < 6.6 x 107!°, 
if the lightest v mass lies around 0.023—0.03 eV, 0.034—0.038eV and also around 
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Fig. 70.1 Figure 70.1a Scatter plot of the lightest neutrino mass m against the baryon asymmetry 
of the Universe with normal hierarchy, non-unitarity case in two flavored leptogenesis regime. 
Figure 70. 1b Variation of the lightest neutrino mass mm against the baryon asymmetry of the Universe 
with normal hierarchy, unitarity in two flavor regime of leptogenesis 


0.058-0.06eV. If M, ~ 10!°GeV, then 2 flavored leptogenesis is favored in the 
light of baryon asymmetry. We show in Fig.70.1b, the scatter plot of the light- 
est neutrino mass m, against the baryon asymmetry of the Universe with normal 
hierarchy, unitarity of Upyws in two flavor regime. For Yg to be in the region, 
5.8x 107M < Np < 6.6 x 10—!°, m, lies between 0.023-0.037 eV and 0.06 eV. For 
Yz to be in the order 10~!°, m, is mostly concentrated in the region 0.01-0.065 eV. 
Detailed results, including results on one flavored, two flavored and three flavored 
leptogenesis will be presented elsewhere. 
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Chapter 71 @) 
A Density of States for QGP Fireball crest 
Formation in Heavy Ion Collisions 

Incorporting Hydrodynamical Features 

in the Model 


Agam K. Jha , R. Ramanathan, K. K. Gupta and S. S. Singh 


More data on the behaviour of Quark—Gluon Plasma (QGP) and its thermodynamics 
from ongoing Ultra Relativistic Heavy Ion Collisions (URHIC) experiments espe- 
cially at LHC are expected. Albeit the main theoretical results from Lattice Gauge 
Computations [1] can be tested and counter checked with data, there is enough op- 
portunity to test semi-phenomenological models of QGP. The thermodynamics of 
the system can easily be analysed with the parametrisation proposed in the paper. 
Ever since the suggestion that the QGP can be treated as a gas in thermodynamic 
quasi-equilibrium with its hadron gas environment, there have been a number of 
proposals for modelling the gas and the density of states of quarks and gluons in 
them in the literature [3]. In natural units (A = c = 1), the relativistic momentum ‘k’ 
of the quarks and gluons is the argument of the density of states p(k), where the total 
number of states ‘Nj_,’ is given by 


(oe) 


Nog =Aaq | plkdk, (71.1) 
0 


where the subscripts q, g refer to quarks and gluons and A,,, refers to the QCD 
multiplicites for quarks and gluons. we parametrise p(k) as 


o(k) = 7 + Bk + 52, (71.2) 
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where a, 3 and 6 are scalar parameters obviously dimensional. In the expression, the 
first term is generated by hydrodynamical flow. Assuming only the relativistic shear 
viscous drag as the source of this term, the relativistic Navier-Stokes equation 


mY = nV" ul , (71.3) 


where 7” is the shear tensor in spacetime, u“ is the shear velocity of hydrodynamical 
flow and 77 is the shear viscosity coefficient [5]. A comparison of the terms shows 
that to leading order the following approximate relation holds: 


ee (71.4) 


An 


The Free-energy of the system under pionic medium [3] is made up of the fol- 
lowing pieces, namely the free energies F, of the u,d,s quarks, the free energy F, of 
gluons and the free energy F,, of the pionic hadrons. 

The total free energy F by 


F= SO Fy +Fy+ Fr (71.5) 


i=u,d,s 


for the system of QGP in quasi-equilibrium with the pionic medium. 
As in the literature [3], we have the following expression for the free energy 
pieces, 


Fog = FT Aga / dkp(k) In(l £ emi FRO/TY (71.6) 
and ee 
F, = eran [ kedkin(l — eT Vt h/T) (71.7) 
0 


where we take the multiplicities as usual for quark \, = 6 and for gluon \, = 8 and 
the masses mu = mg = 0 and m, = 150 MeV and v is the QGP volume which we 
take ~1 fm? as in previous paper [3]. 


With these ingredients the entropy as usual is S = — (gf fv: and the specific heat 
Cy = (fF )yv. The velocity of sound in the system is C= a 


On the basis of above equations and constructed three simultaneous euanone 
with data input [1], ine numerical values are a = 5.7 x 10*, 3 = —0.74 Mev~?, 
6 = 1.3 x 10°? MeV~? and ky, = 140 MeV [4]. 

Our model only gives results for the quasi static equilibrium states of the QGP 
with some hydrodynamical features. Therefore our numerical values at different 
temperatures may be interpreted as static snapshots of a basically dynamical process. 
Therefore if we estimate the entropy density at different temperatures say at an 
initial value of T = 0.35 GeV and at a final freezeout temperature T = 0.17 GeV 
it turns out that the entropy density difference s ~ 10’ in natural units. So that the 
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experimentally verified rate ! ~ an ~ 107! in order of magnitude. This agrees 
with the hydrodynamical model estimate of Luzum and Romatschke for this very 
important ratio [6]. 
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Chapter 72 Mm) 
Study of B° — ¢¢ — KKKK with rey 
the CMS Phase II Detector 


Rajarshi Bhattacharya, Suchandra Dutta and Subir Sarkar 


72.1 Introduction 


In the Standard Model (SM) the decay B° — oo (with ¢ > K* K~) proceeds pre- 
dominantly via a b > sss penguin amplitude (cf. Fig. 72.1). The first evidence for 
this decay was obtained by the CDF experiment at the Tevatron [1]. To date, the most 
precise determination of the phase ¢, = —0.17 + 0.15 ta: + 0.03,)s¢ was performed 
by the LHCb experiment, based on approximately 4000 B° candidates [2, 3]. In 
the SM, @, in the decay B° — $¢ is expected to be very small: QCD factorization 
calculations provide an upper limit of @, < 0.02 [4-6]. 

The present analysis is a study of the CMS sensitivity for the overall process 
B° — $¢ — KKKK at the LHC PhaselII [7]. In particular, the goal of the analysis 
is to investigate how well the decay Bo — o¢@ can be triggered with the Level-1 (L1) 
tracks, whether the L1 trigger rate is manageable, and what overall signal event yield 
can be achieved. This is the first purely hadronic B decay investigated in the CMS 
experiment. 


Phase II CMS Tracker 


The present tracking system of CMS will be replaced with new detectors to cope 
with the High Luminosity LHC (HL-LHC) conditions where 140-200 collisions per 
bunch crossing, also known as pileup(PU) will take place [8]. The outer part of 
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Fig. 72.1 Feynman diagram Wyo. 
of the dominant process b ; 2 o 
contributing to the decay = ° 
BY > $ Bs g 
Ss 
s 3 


Table 72.1 Efficiency and rate for loose, medium and tight baselines, for different Pileup compo- 
sitions. Uncertainty is statistical only 


Baseline Efficiency (%) Rate (kHz) 

Ll Offline <PU>=70 | <PU>=140 | <PU>= 200 
Loose 41.6+1.2 64.6 + 1.4 6.3 + 1.5 27.9+1.7 61.84 5.2 
Medium 36.6+ 1.1 S713 2.5+0.9 13.341.2 29.6 + 3.6 
Tight 31.1+1.0 57.6+ 1.3 1.4+0.7 5.140.7 12.2 2.3 


the tracking system will be equipped with detectors capable of identifying high pr 
tracks (>2 GeV) which will enable CMS to use tracking information at the L1 trigger 
system at an input rate of 40 MHz and significantly improve the performance of the 
LI trigger decision to cope with the huge interaction rate [9]. 


Analysis 


The signal events are generated with Pythia6 [10] and EvtGen at ./s = 14TeV with 
kaons having pr > 1.95 GeV. At the analysis level the kaons are further required to 
have pr > 2GeV. On each signal event an average of 140 PU events are superim- 
posed. MinimumBias events with <PU> = 70, 140, 200 compositions are used to 
study event rate. 

¢ candidates in an event are first reconstructed from all pairs of oppositely charged 
kaon tracks coming from the same vertex. Then, B° candidates are formed from a pair 
of reconstructed @ candidates compatible with the same vertex. The lowest-p7; kaon 
Pr lies very close to the threshold of the Level-1 tracking which is the major cause 
for loss of signal efficiency. Signal efficiency is studied both at the L1 and offline. The 
offline study involving tracks reconstructed with much higher precision is performed 
to check if one should expect any further significant reduction in efficiency after L1. 
Event rate is studied only at L1. 

Three different baselines for event selection, namely loose, medium and tight 
have been used to find the optimum working point acceptable by CMS at LI. 
Figure 72.2 (Left) shows the reconstructed B° mass with the loose baseline selec- 
tion. More than one B° candidates within the selected mass window can contribute 
to the same event. 

Table 72.1 summarizes the efficiency and rate for all the selection baselines. The 
same results have also been presented in Fig. 72.2 (Right). 
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Fig. 72.2 (Left) ¢-pair invariant mass [7]. Plots are normalized to unit area. The blue and red lines 
refer to offline and L1 signals respectively. The L1 background is shown as green filled area. (Right) 
Efficiency and rate for different baseline selection and for different pileup scenarios [7]. Uncertainty 
is statistical only 


Summary 


B° — $¢ — KKKK is an important benchmark channel to study the capabilities 
of the CMS detector in low- pr fully-hadronic final states. Signal efficiency and L1 
trigger rate have been studied for several selection baselines. It has been found that 
the offline efficiency for the events triggered at L1 is high. 
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Chapter 73 ®) 
Study of the Rare Decays B* , > utp cher fr 


Suchismita Sahoo and Rukmani Mohanta 


73.1 Introduction 


Inrecent times, the rare B meson decays mediated by flavour changing neutral current 
(FCNC) b — s, d transitions have been providing crucial information in our search 
for new physics (NP) beyond the standard model (SM). The LHCb Collaboration 
has reported several anomalies in semileptonic B decays at the level of few standard 
deviations. The rare B, > js” processes are highly suppressed in the SM as they 
proceed through one loop and box diagrams. These decays also encounter additional 
helicity suppression. Their theoretical branching fractions are given by [1] 


BR(B, > pW )|sm = (3.65 + 0.23) x 107”, 
BR(By > pt u-)|sm = (1.06 + 0.09) x 10719, (73.1) 


In this work, we investigate the B*, > yu‘ processes in the context of lepto- 
quark (LQ) and Z’ model. These processes don’t suffer from helicity suppression 
like B,.y — utp” processes and the only non-perturbative quantity involved is the 
decay constant of B* , mesons, which can be precisely calculated from lattice. LQs 
are color triplet bosons that couples to both quarks and leptons. The baryon and 
lepton number violating LQs have mass near the grand unification scale to avoid 
rapid proton decay. Thus we consider the baryon and lepton number conserving 
LQs, which do not induce proton decay and could be light enough to be accessible in 
accelerator searches. On the other hand, Z’ is a color singlet boson, which could be 
naturally derived from the extension of electroweak symmetry of the SM by adding 
additional U(1)’ gauge symmetry. The family non-universal Z’ model [2] is the sim- 
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plest one to explore the inconsistency between the observed experimental data and 
the corresponding SM predicted values in some of the observables associated with 
b — sItl- decays. The popular 7K puzzle in the hadronic B > 7K decays [3] and 
other anomalies associated with b > sj:t y transitions observed at LHCb could be 
explained in the Z’ model. 

The paper is organised as follows. In Sect. 73.2, we discuss the effective Hamilto- 
nian of b — s, d transitions in the SM. We then compute the B¥ , > it pw processes 
in the SM as well as LQ and Z’ model. Section 73.3 contains the conclusion. 


73.2 BY, > pt ~ processes 


In the SM, the effective Hamiltonian of rare processes involving the quark-level 
transitions b — ql*I~, where q = d,s is given by [4] 


Gr 


Hett = av;} 


[rinna i OH] + hic., (73.2) 


where 


Hie = Ci(Of{ — Of) + Cx(O§ — O4), 
10 

HG = CO} + C2.0$+ CO, (73.3) 
i=3 


GF is the Fermi constant, Be = Vin Vig and C;’s are the Wilson coefficients. 
The decay widths of Bj > pst” processes are given by [5] 


2 


2 G*.a2 
Pa, > ep )= Gye Mie Vial fap a.) MB: 4m; ase 


lc Se 


2 2 

+ |Cio| |: (73.4) 
m Be 
where ais the fine structure constant, f, Be andm Bs are the decay constant and mass of 
B; meson respectively and m; is the mass of lepton. These processes are sensitive to 
the C os Wilson coefficients, i.e.,O7 and Oo operators, whereas the contributions from 
these operators vanish in the case of B, 7 —> jt ~ processes. In order to calculate 
the branching fractions, we need to know the total decay widths of BY , vector bosons. 
However, these are neither measured nor precisely known theoretically except for the 
decay widths of B*, > B;,ay decays. Now using the particle masses from [6] and 
taking the decay widths of radiative B* , bosons from [7], the branching fractions 
are found to be 
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Table 73.1 Predicted branching fractions of BY , > I*+1- decays in the LQ and Z’ model 


Decay processes Values in Y = 1/6 LQ | Values in Y = 7/6 LQ | Values in Z’ model 
model model 

Be > tp (1.7—3.19) x 1071! | (1.7-1.93) x 1071! | (1.7—2.2) x 1071! 

By > pt pm (2.38—8.99) x 10-13 | (2.47—5.4) x 10-!3 | (1.67—2.23) x 10713 


0.07 KeV 
BR Se iS I 20D) (Te) x 107}, 


tot 
* 
d 


Pe eee 7 0.2 KeV te 
BR(By > pp" )Ism = (1.86 + 0.21) | — x 1078. (73.5) 


These predicted branching fractions are sizable, about two order lower than the 
branching fractions of the corresponding pseudoscalar mesons decay. 

The effective Hamiltonian in (73.2) can be modified in the both the LQ and Z’ 
model. We consider S$; (3, 2, 7/6) and $(3, 2, 1/6) scalar LQ multiplets, which are 
invariant under the SM SU(3)c x SU(2);, x U(1)y gauge group. These will con- 


tribute new Co coefficients to the SM. In the NP model, the Wilson coefficients 


in (73.4) will be replaced by Co, 19 > Co,19 + C. ne Now comparing the branching 
fraction of B,q — yt with the lo uncertainty of experimental data, the con- 


straints on the LQ couplings (A) for Mzg = 1 TeV are found to be [8] 


32 \22* 32 12* 
0 < | 2 | < 5x 10°, 1.5 x 1073 < — < 3.9x 1073 . (73.6) 
s S 


Using the constrained couplings, we predict the branching fractions of B* , > ut 
in both S;,. LQ model and the corresponding values are listed in Table 73.1. 

Similar to the LQ model, the presence of Z’ boson will also provide Cris new 
coefficients. Varying the mass difference of Bo a7 Bo 4 mixing within the 2c allowed 
range of experimental value, the constraints on pn parameters are [4] 


0<p’ <05x 103 1x 104 < pi < 1.25 x 10-4, (73.7) 


where pf = Ai By, and Bf, are the left handed FCNC b, — q, — Z’' couplings 
[9]. We consider the coupling of Z’ with the leptons as SM like. Using the above 
constrained couplings, the predicted branching fractions are given in Table 73.1. The 
detailed calculation of these processes in the SM as well as in both the LQ and Z’ 


model can be found in [5] and [4], respectively. 
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73.3 Conclusions 


We have studied the rare leptonic decays of BY , bosons in both the scalar LQ and the 
family nonuniversal Z’ model. We constrain the NP parameters using the measured 
branching fractions of B, g — y+” processes and the B° a7 BY q mixing data. We 
then estimated the branching fractions of B* , > jt” processes, which are found 


S. 


to be sizable and within the reach of LHC experiments. 
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Chapter 74 
Heavy-Flavour Measurements in p-Pb serie 
Collisions with ALICE at the LHC 


Jitendra Kumar 


74.1 Introduction 


Heavy quarks (charm and beauty) due to their large masses are predominantly pro- 
duced in hard-scattering processes in the initial phase of hadronic collisions. There- 
fore, they are excellent probes to study the properties of the Quark—Gluon Plasma 
created in relativistic heavy-ion collisions. The measurement of their production in 
p-Pb collisions is important to disentangle the hot nuclear matter effects present 
in heavy-ion collisions from cold nuclear matter (CNM) effects, such as transverse 
momentum broadening, nuclear modification of the parton distribution functions, 
initial-state multiple scatterings and energy loss. These effects can be investigated 
by measuring the nuclear modification factor Rppp, defined as the ratio of particle 
cross section do/dpy measured in p-Pb collisions to that measured in pp collisions 
scaled by the atomic mass number of Pb nuclei. In the absence of CNM effects Rppp 
is expected to be unity. The pp, of D mesons and leptons from charm and beauty 
hadron decays at central and forward rapidities was studied in p-Pb collisions at 
/SNN = 5.02 TeV with ALICE. 


74.2 Analysis Details 


Prompt D mesons and their charge conjugates are reconstructed via their hadronic de- 
cay channels: D9 > Ktw~,D+ — K-a+mt and D*+ —> D®st [1]. The extraction 
of the signal is based on an invariant mass analysis of reconstructed decay vertices 
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displaced from the primary vertex by few hundred microns. The necessary spatial 
resolution on the track position is guaranteed by the Inner Tracking System (ITS) 
and the Time Projection Chamber (TPC) covering a pseudorapidity region |n| < 0.8. 
Particle identification (PID) of the decay particle species is also exploiting using the 
measurement of specific energy loss (dE/dx) in the TPC and of the time of flight 
with the Time-Of-Flight (TOF) detector. Kaons and pions are identified up to pr = 
2 GeV/c. The electrons from heavy-flavour (HF) hadron decays are identified using 
ITS, TPC and TOF detectors in the range 0.5 < pyr < 6GeV/c and using the TPC and 
the Electromagnetic Calorimeter (EMCal) for pr > 6 GeV/c [2]. The background 
from ° and n Dalitz decay and from photon conversions is subtracted via the in- 
variant mass method, and the hadron contamination decays is statistically subtracted 
[2]. The muons from heavy-flavour hadron decays are measured with the muon spec- 
trometer in pseudorapidity range, 2.5 < yay < 4 [3] (additional information in [4]). 
The background from z and K decays is subtracted using a data-tuned Monte Carlo 
cocktail. 


74.3 Results 


The Rppp of prompt D mesons (D°, Dt , and D** average) is found compatible with 
unity, as shown in Fig. 74.1 (left plot), and described by models which include CNM 
effects [5]. The comparison to the nuclear modification factor in Pb—Pb collisions, 
Raa, is reported in Fig. 74.1 (right plot) and highlights a strong suppression for 
pr > 3GeV/c in central (O-10%) and semi-central Pb—Pb collisions (30-50%) [6]. 
This comparison allows to conclude that the suppression observed in Pb—Pb collisions 
is due to final-state effects induced by the interaction of heavy quarks with the 
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Fig. 74.1 Rppp of D mesons (D°, Dt, and D**+ average) compared with models, including CNM 
effects (left) and comparison with the Raq for central and semi-central Pb—Pb collisions at ./sjn = 
2.76 TeV (right) [5] 
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Fig. 74.2 Rppp of inclusive electrons from HF-hadron decays (left plot, [2]) and beauty-hadron 
decay electrons (right plot, [7]) along with comparison to the models 
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Fig. 74.3 Rppp of muons from heavy-flavour hadron decays and comparison with models. Left 
(right): forward (backward) rapidity, 2.03 < yems < 3.53 (—4.46 < Yems < —2.96) [3] 


QGP produced in these collisions. The Rppp of HF-hadron decay electrons shown 
in Fig. 74.2 (left plot) is consistent with unity and also described by various models 
considering CNM effects [2]. The impact parameter distributions of beauty decay 
electrons is expected to be broader than that of charm decay electrons due to the larger 
separation between the primary and decay vertices. Therefore, one can separate the 
contributions of charm and beauty production. The Rppp of beauty decay electrons is 
shown in the right panel of Fig. 74.2 [7]. The results are similar and consistent with 
unity within the uncertainties. 

Figure 74.3 shows the Rppp of heavy-flavour hadron decay muons, which is also 
consistent with unity at both forward (2.03 < Yems < 3.53, left panel) and back- 
ward (—4.46 < yoms < —2.96, right panel) rapidities. However an enhancement is 
observed above unity at backward rapidity for 2 < pr < 4GeV/c [3]. The results 
in both rapidity ranges are described within uncertainties by model calculations that 
include CNM effects. 
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Chapter 75 @) 
New Tensor Interaction as the Source ey 
of the Observed CP Asymmetry 

int > Ksrv-, 


Lobsang Dhargyal 


Introduction 


The study of CP violation in tau decays has always been of much interest for beyond 
the Standard Model studies in the past two decades. In SM, the only source of CP vio- 
lation is the one phase in the Kobayashi Maskawa (KM) matrix. While the Kobayashi 
Maskawa ansatz for CP violation within the Standard Model in the quark sector has 
been clearly verified by the plethora of data from the B factories, this is unable to 
account for the observed baryon asymmetry of the Universe. Hence, one needs to 
look for other sources of CP violation, including searches in the leptonic sector. Apart 
from the CP phases that may arise in the neutrino mixing matrix, the decays of the 
tau lepton may allow us to explore nonstandard CP-violating interactions. Various 
experimental groups have been involved in exploring CP violation in tau decays in 
the last decade or more. In 2002, the CLEO collaboration, and more recently the Belle 
Collaboration, studied the angular distribution of the decay products int > Ky7v, 
in search of CP violation; however, neither study revealed any CP asymmetry. The 
BABAR collaboration for the first time reported a sign anomaly in the integrated 
decay rate asymmetry A,,(t > Ky7v,) of 


AEP — (—0,36 £0.23 + 0.11)%. (75.1) 


cp 


However for r* — K°x*v, — [x7], 7*v,, the predicted SM integrated decay rate 


asymmetry is 


A” = (0.33 + 0.01)%. (75:2) 


cp 


Comparing the rate asymmetries for decays to neutral kaons of the taus with that 
of D mesons, Grossman and Nir have pointed out that since t*(7~) decays ini- 
tially toa K°(K®) whereas D+ (D7) decays initially to K°(K°), the time-integrated 
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decay-rate CP asymmetry (arising from oscillations of the neutral kaons) of 7 decays 
must have a sign opposite to that of D decays. The observation of a CP asymmetry in 
T decays to K, having the same sign as that in D decays, and moreover of the same 
magnitude but opposite in sign to the SM expectation, implies that this asymmetry 
cannot be accounted for by the CP violation in K° — K° mixing. 


1. Naively one may expect that the simplest way to account for the observed anomaly 
would be to introduce a direct CP violation via a new CP violating charged 
scalar exchange. However, it turns out that the charged scalar type of exchange 
may contribute in the angular distributions, but its mixing with SM term in the 
integrated decay rate goes to zero. 

2. Now the next candidate of NP would be a new CP violating charged vector 
exchange, but CP violation from vector type NP will be observable only if both 
vector current and axial vector currents contributes to the same final states [2]. 
Since in two pseudo scalar meson final states only vector current can contribute 
due to parity conservation of strong interaction, vector type of NP can contribute 
in general to CP violation in three or more pseudo scalar meson final states but 
not in two pseudo scalar meson final states such as K,7. 

3. Now the only possibility left is tensor type of NP. 


In this presentation, we will give the results from the materials contianed in the 
[1, 2]. 


Results 


To a good approximation we can take AAs = 0, then the (29) and (30) of [2] 
becomes: 


Acp(t > Kenv,) = AX, + AZ, (75.3) 
and 7 7 
(7 +1" ) 
Br(r > Kynv,) = —.——r, = su + Tr), (75.4) 


where a is the known SM CPV from the K — K° mixing, sy is the SM decay 
rate corresponding to fitted form factors from Belle fits, 7 is the decay rate due to 
purely tensor term and 7; is the life time of 7 lepton. From (75.9), (10) and using F7 
from (75.7) the best fitted value of the complex parameter Jm(C7,) to the two data 
points gives at x? ~ 4.5: 

Im(C;) = —0.071, (75.5) 


which gives 
Br(t > Korv,)? = 2Br(t > Kyrv,)%™ = (0.756 + 0.085)% (75.6) 


and 
AL?” = (—0.703 + 0.54) % (75.7) 
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whereas the experimental values of these observables are given as 


AExP-SM) — ATP) _ (Al )SM = (—0.69 + 0.26)%, (75.8) 


cp cp 


and 
Br(t > Korv,)\@*”) = 2Br(t > Kyrv,)@”) = (0.8440.04)%. (75.9) 


Comparing (13), (14) and (12), (15) we see that the theoretical predicted values fit 
with the experimental values within lo. 


Conclusion 


Babar collaboration has reported an intriguing opposite sign in the integrated decay 
rate asymmetry A,,(t > K,7v,) than that of SM prediction from the known 
Ko =K! mixing. Babar’s result deviate from the SM prediction by about 2.70. 
In this work we have presented an improved analysis of our previous work on the 
contributions coming from tensorial current to this observable. Assuming the real 
part of the NP coupling is negligible compare to its imaginary part, the best fitted 
value of the parameter /m(C’) to the two data points A.»(t — Ks7v;) and B,(tT > 
Korv,) is given by Im(C7.) = —0.071 which gives AT = (—0.703 £0.51) x 107? 


compare to the experimental minus SM value of Af‘? -°”? = (AG? — AM) = 


(—0.69 + 0.26) x 10-2. And similarly we have Br(t > Konv,)"” = (0.756+ 
0.084) x 10-? comapre to the Br(t > Korv,)@*?) = (0.84 + 0.04) x 1077. As 
we can see the theoretical predictions fit with the experimental results within lo for 
both observables. 
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Chapter 76 Mm) 
Phase Portraits of Higher Dimensional ly 
FRW Cosmology in R?’ex p(AR) Gravity 

Filled with Non-perfect Fluid 


Sebika K. Banik, Debika K. Banik and Kalyan Bhuyan 


76.1 Introduction 


The discovery of accelerated expansion of the universe is one of the most revolution- 
ary advancements in modern cosmology. In order to study this cosmic acceleration, 
the gravitational theory gets modified in f(R) gravity theory [1, 2]. Several recent 
observations also suggest that the universe is homogeneous and isotropic on large 
scale. However, some small anisotropies are needed in the early universe to explain 
the structure formation in the universe. Higher dimensional FRW model [3] with the 
different scale factors in the extra dimensions can provide interesting dynamics in 
comparison to normal four dimensional model. In this paper we extend our work 
given in [4] by analysing the phase space for higher dimensional FRW model in 
R?exp(AR) gravity theory. 


76.2 Dynamical Analysis 


For (1 + 3+ D) dimensional spacetime with three normal spatial dimensions and 
DCU, J =4,5,..., (D + 3)) extra spatial dimensions, given by [3] 


ds* = —dt” + A*(t)d;jdx'dx/ + B*(t)6;;dX'dX’, (76.1) 
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and considering the energy momentum tensor of a general imperfect fluid [3], the 
Friedmann’s Field equation takes the form 


@H1 eg yak Done p 
Oe + 0%, af (RF f) fi 


Let us now introduce the set of variables suggested by the above equations 


=0 (76.2) 


2n o Qn f’ n R 
y= x= y= : 
n—-10 n—-1f'O n—-102 
2. 
pac oF Lene ae 
n—1 f'@? n—1 f'@? 


(76.3) 


Differentiating (76.3) with respect to time 7=J/na and putting f(R) = 
R? exp(AR), we have the system 


BP MEE pay pail 
dt 2 
dy (n—1) [2(n4+ 1) 
dr 2 | n—-1 
dz (n—1) | 3n+1 
dr “| 
= Soho eee 
dt 2 (n — 1) 


-1+s2 —z+2 
4252 aye + ee dee ae =), 


y2 — p22 
CUFF pret oy" 
Ee 


joy? Bye O04 
n—1 


9 E(wz — wa) + E27 -3y+2- 2], 
(n— 1) 


1-2? 4x-y42-2=0. (76.4) 


Setting (76.4) equal to zero we have obtained the following fixed points: 
: (EZ, y, z, 2) = (0,0, 0,0), B: (, y, z, 2) = (0, 4, 0, 0), 


(ZX, y,z,.2) = (0, 4, —_,0),D: (2, y,z, 2) = (0,0, -+', 0), 
(Z, y, Z, Q)= (0 p(2np—3n+2p—1) (2np—3n+2p—1) 0), 


> M@—Dp—Dep-)l’ @—D@p—Dep-)’ 
‘CR gee OS (0 0.0 Leteh ties al aa) 


n—1 


[Toy mh AD 


: —_ (n+1)p—30+wa)—DU+weg) (n+l) p—3(1+wa)—D(1+we) 

. (x, Y,%; 2) = (0. (n—1)p ’ (n—1) p? ’ 
3(+wa)+DU+wg)) 2p?—3pt)+2p?-(at Dp 
( yee ),L: (2, yz, 2) = (Ze, 0,0, 0). 
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76.3 Conclusion 


In this analysis, besides obtaining the de Sitter solutions B and C, we also have found 


the fixed point E,, which shows power law accelerated expansion for p < ova) and 


ar) <p< meh In these intervals for p, the line of anisotropic fixed points L 


is repulsive in nature and the points B and E are attractors, which means that the 
universe starts in an anisotropic state, isotropize and smoothly approach to a phase 
of accelerated expansion at late times. In Figs. 76.1, 76.2, 76.3 and 76.4 we have 
ploted the phase portraits of the system in the intervals p = —1.5 and p = 2. There 
is another important point H. It behaves as a saddle when the standard matter is dust 
or radiation, for all values of p. Thus, in this case we have a transient matter (dust 
or radiation) dominated phase which is a saddle followed by a stable accelerating 
universe. 


Fig. 76.1 Phase portrait for 
n=4,D=1,2=0,p 
=1:5 


Fig. 76.2 Phase portrait for 
n=4,D=1,2=0,p 
2 
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Fig. 76.3. Phase portrait for 
n=4,D=1,wa= 
1/3, wg = 0, p= -1.5 


Fig. 76.4 Phase portrait for 
n=4,D=l1,wa= 
1/3, wp = 0, p= 2 
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Chapter 77 @) 
Optimal Renormalization and the creek 
Extraction of Strange Quark Mass from 
Semi-leptonic 7-Decay 


Balasubramanian Ananthanarayan and Diganta Das 


77.1 Introduction 


The relevant quantities to extract strange quark mass m,; from semi-leptonic T-decay 
are the polarization functions, the data on which were made available some years 
ago by ALEPH [1] and OPAL [2] collaborations. One of the important theoretical 
objective in these extractions is to account for the renormalization group (RG) run- 
ning of all the parameters that enter the evolutions. There have been several schemes, 
for example fixed-order perturbation theory (FOPT) [3], contour-improved pertur- 
bation theory (CIPT) [4] and method of effective charges (MEC) [5] to account for 
these runnings. We follow the optimal renormalization group analysis [6, 7] in [8] 
that uses the RG constraints of a given perturbation series to obtain a closed form 
sum all the RG-accessible logarithms which substantially reduce the RG scale (y) 
dependence. The RG-accessible logarithms are defined as all the leading and the 
next-to-leading logarithms that can be accessed through RG equation. We call this 
scheme renormalization group summed perturbation theory (RGSPT). 

After a brief summary of the formalism of semi-leptonic T-decay in Sect. 77.2, we 
describe the derivations of the closed form summation in Sect. 77.3. The extraction 
of m, is described in Sect. 77.4 and we conclude in Sect. 77.5. 
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77.2 Formalism 


The experimentally measurable quantities relevant for the extraction of m, from 
Cabibbo suppressed semi-leptonic T-decay are the moments of polarization func- 
tions. These can be written as a contour integral of the polarization functions with 
suitable weight functions in the complex q? plane running counter clockwise along 
the circle |g?| = M2 


61 m2 dq* 61 m2 dq? dq* 
kl 2 sym Ss pyn 2 
R= sf oss 2 : M2 2 § g D ®f sta a vee 


Here px; are the weight functions, /7’"? is the 7-decay polarization function and 
D’s is the Adler function related to the polarization function /7’"’ and defined as 
DD ==07% oF where Q? = —q?. The functions /7’"% [9, 10] and D’ [11] are 
known to order a in the perturbation theory, and they have in addition to Q? depen- 
dence, js dependence through terms like a” (1) In"~*(u2/Q?), at each order n in 
the perturbation expansion. Both /7’"? and D'"S satisfy homogeneous RG equations. 
In the next section we show how the RG equations of these functions can be used 
to obtain closed form sums of all the RG accessible logarithms which reduce jz 
dependence. 


77.3 Closed Form Sum RG-Accessible Logarithms 


We demonstrate the derivations of RGSPT series with ws We write down the 
un-summed and RGSPT series as D"® = ~~) Dj dy pa"L* and Dréspr = 
yg le L), respectively, Here the intermediate quantities are defined as 
DeS [asL\ = Oe ays (asL)"*, d™% are the series coefficients that can be 
extracted from the expression of pme given in the appendix of [8], L = In(u?/Q7), 
and ds = a;()/7. We substitute the un-summed expression of D’’S in the homo- 
geneous RG equation that it satisfies and collect the coefficients of a” L’~!~* which 
leads to a recursion relation in terms of the series coefficients d’’*. The recursion 
relation is then multiplied by (a, L)"~!~* and is summed from n = 1 + k to infinity, 
which following the definitions of the intermediate quantities D;’*[a,L] results in 
differential equations for them. These differential equations are solved with suitable 
boundary conditions and the resultant solutions are the closed form expressions of 
D;'’[asL]. The closed form expressions of D,’*[a; L] are given in [8]. 
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77.4 Extraction of m, from ALEPH and OPAL Data 


The extraction of m, is possible by the measurements of the SU (3) flavor breaking 
terms ORM — N- Sew RE — Aq? Me : a + fei ) where the second term within the 


bracket is the contribution of the ae (12). The vales of Sew, fk: and (ss) are 
collected in [8]. The flavor breaking term 6 Re for different moments (k, /) have been 
measured by ALEPH [1] and OPAL [2] collaborations. For our determination, we 
have used the moments (0, 0), (1, 0), (2, 0) of ALEPH and (2, 0), (3, 0) and (4, 0) of 
OPAL. The determinations for individual moments for both ALEPH and OPAL are 
tabulated in [8] and are compared with the determinations in FOPT, CIPT and MEC 
schemes. We find that RGSPT is consistent with other schemes. By doing a weighted 
average of the individual determinations we obtain the following final values of m, at 
the T mass scale ms(M2) = 110.18+9.67 MeV, ms(M?) = 76.90 + 8.03 MeV for 
ALEPH and OPAL data, respectively. Here the errors are dominated by experimental 
uncertainties. Evolving these determinations to 2 GeV using [13] we get 


ms(2GeV) = 106.70 + 9.36MeV, m,s(2GeV) = 74.47 £7.77MeV, (77.2) 


for ALEPH and OPAL data, respectively. Within errors our determinations are com- 
parable with that in lattice QCD. 


77.5 Summary and Conclusion 


We have applied for the first time the optimal renormalization group analysis to T- 
decay polarization functions in the context of extraction of strange quark mass. Our 
determinations are consistent with other schemes and show that the strange quark 
mass extracted from 7-decay is insensitive to the choice of renormalization schemes. 
Therefore, in the future when the experimental data improve, precise determinations 
of m, can be made. 
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Chapter 78 Mm) 
Extraction of the Strong Coupling cro 
Constant from the Measurement of 

Inclusive Multijet Event Cross Sections 

in pp Collisions at Center of Mass Energy 

of 8 TeV 


Anterpreet Kaur 


78.1 Introduction 


Quantum Chromodynamics (QCD) is the theory which describes the strong inter- 
actions between the partons, the (anti-)quarks and gluons. During the collision of 
hadrons such as protons (p), the scattered partons hadronize into highly collimated 
bunches of particles called jets. These jets preserve energy and momentum of the ini- 
tial partons. In the context of perturbative QCD, the cross section of a high transverse 
momentum (pr) scattering can be expressed as a sum of terms with increasing powers 
of the strong coupling constant, ws, convoluted with the parton momentum distribu- 
tion functions (PDFs) of the proton. The lowest-order az and higher-order an terms 
represent the production of two-parton and multi-parton final states respectively. 

The investigation of the inclusive multijet event cross sections 0;_jet for the process 
pp— ijets + X, as a function of jet py and rapidity y, is proportional to a. Hence, it 
provides essential information about the PDFs and w5(Mz). The cross section ratios, 
Run = soot (m > n), where numerous theoretical and experimental uncertainties 
cancel, provide an ideal tool to determine a5(Mz). 

A measurement of inclusive 2- and 3-jet event cross sections is presented [1, 
2] using an event sample collected by the Compact Muon Solenoid (CMS) experi- 
ment [3] during 2012 at the LHC and corresponding to an integrated luminosity of 
19.7 fo~! of pp collisions at a centre-of-mass energy of 8 TeV. 
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78.2 Results and Discussion 


The inclusive 2-jet and 3-jet event cross sections are measured as a function of 
the average pr of the two leading jets, referred to as Hy.2/2 here. After unfold- 
ing for detector effects, these are compared to the NLOJET++ predictions using the 
CT10 PDF set, corrected for non-perturbative (NP) and also for electroweak (EWK) 
effects in the 2-jet case. The comparison is also made to predictions from MAD- 
GRAPHS + PYTHIA6 with tune Z2*, corrected for EWK effects in the 2-jet case. The 
data are in agreement with the NLO predictions over the whole range of Hy,2/2 from 
0.3 TeV up to 2.0 (2-jet) and 1.68 TeV (3-jet) respectively. In Fig. 78.1 [1], the top 
plot presents the cross section ratio, R32 obtained from unfolded data in compari- 
son to that from NLO pQCD. The error bars correspond to the total experimental 
uncertainty. The NLO predictions using the CT10 NLO PDF set corrected with 
NP corrections are shown for a series of values assumed for a@s(Mz) (dashed lines) 
together with the central prediction (solid line) where as(Mz) = 0.118. The assump- 
tion on as(M7z)is varied in steps of 0.001 in the range of 0.112—0.127. The value of 
as(Mz) is determined from the measured inclusive 2-jet and 3-jet event cross sec- 
tions and their ratio, by minimizing the x7 between the experimental measurement 
and the theoretical predictions. The fit procedure follows closely the one used in [4, 
5]. 
Using the MSTW2008 PDF set, which dates from before the LHC start, the 
as5(Mz) from R3 is finally determined to 


as(Mz) = 0.1150 + 0.0010 (exp) + 0.0013 (PDF) + 0.0015 (NP) *?-085" (scale) 
= 0.1150 + 0.0023 (all except scale) +):)0vp (scale) . 


From the extracted as(Mz) value for each range in Hy../2, the was(Q) values are 
evolved, with total uncertainty, to the respective cross-section averaged scale (Q). 
The evolution is performed for five flavours at 2-loop order with the RUNDEC pro- 
gram. The obtained as(Q) points are illustrated in bottom plot of Fig.78.1 [1] 
together with the world average [9] and results from other experiments [4—8]. 


78.3 Summary 


A measurement of the inclusive 2-jet (3-jet) event cross sections has been presented 
in a range of 0.3 < Hy2/2 < 2.0 TeV (0.3 < Ay2/2 < 1.68 TeV) for the average 
Pr Of the two leading jets at central rapidity of |y| < 2.5. The data are found to be well 
described by calculations at NLO in pQCD complemented with NP corrections that 
are important at low Hy,2/2. NLO QCD provides an adequate description of R32 in 
the accessible range of Hy,2/2. By contrast, LO tree-level MC predictions exhibit 
significant deviations. Based on the observed agreement, the as (Mz) is determined in 
a fit to the R37 measurement to as(Mz) = 0.11507'to33, using the MSTW2008 PDF 
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Fig. 78.1 Top: Cross section ratio R32 as a function of Hy,2/2 calculated from data (solid circles) 
in comparison to that from NLO pQCD (lines). Bottom: The running ws(Q) as a function of the 


scale Q is shown as obtained by using the 


MSTW2008 NLO PDF set 
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set. The result for ws(Mz) is in agreement with previous determinations obtained 
by the CMS collaborations [4-8] and with the world average value of as(Mz) = 
0.1181 + 0.0011 derived in [9]. 
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Chapter 79 ®) 
Coalescing Versus Merging of Energy creche 
Levels in One-Dimensional Potentials 


Zafar Ahmed, Sachin Kumar, Achint Kumar and Mohammad Irfan 


In one dimensional quantum mechanics there is one to one correspondence between 
eigenvalues and eigenstates, there is an absence of degeneracy. So when a parameter 
of the Hamiltonian is varied slowly, curves can not cross but they can come quite 
close and then diverge from each other (Avoided Crossing). Crossings and avoided 
crossings of levels is commonly observed in the spectra of two or three dimensional 
systems. Mostly, in one dimensional systems if a parameter of the potential is var- 
ied slowly, the eigenvalues increase or decrease monotonically. For particle in an 
infinitely deep well of width a, E,(= 2) decrease as function of a. For har- 
monic oscillator potential, E,, = (n + 1/2)fw increase linearly as function of the 
frequency parameter w. 

Two levels coming very close may either display merging of two levels or their 
avoided crossing. The former is well known to occur in symmetric double-well 
potentials wherein the sub-barrier doublets of energy levels merge [1, 2] into the 
levels of the independent wells when the inter-well distance is increased slowly. On 
the other hand AC is observed rather rarely in one dimensional systems. Recently 
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[2, 3] it has been shown that in double-well potential if the width or depth of the 
potential is varied slowly very interesting level crossings can be observed. Notably 
the double-well becomes asymmetric. 

For one-dimensional non-Hermitian Hamiltonions, it is known that two com- 
plex eigenvalues may become real at one special value of the parameter(\A = A,) 
of the potential after this point these two eigenvalues may again be complex. Such 
special values of the parameter are called Exceptional Point (EP) [4]. More inter- 
estingly, when a potential PT-symmetric (invariant under the joint action of Parity: 
x — —x and Time-reversal (i —> —i), the two discrete eigenvalues make a transition 
from real to complex-conjugate or vice versa. For instance, in the complex PT- 
symmetric potential: V(x) = —V;sech?x + i|V2|sechx tanh x, |V2| = V; + 1/4 = 
VY. Qu=1= hi?) is the EP of this potential when |V2| < V. eigenvalues are real, 
otherwise these are complex conjugate pairs [5]. In both merging and coalescing 
two eigen values meet when a parameter . is varied. In coalescing dE /dX = oo 
critically at \ = A,. The merging of two levels is not a critical phenomenon. It is 
actually an asymptotic phenomenon where AF = |E, — E | > Oas A — oo. Here 
in our model below, \ = b, which is being varied. In the following, we study the 
evolution of real part of eigenvalues (g = 0 and g 4 0) of the double-well potential 
when the distance between wells is increased slowly. 

The solution of Schrédinger equation for the square double-well potential 
(Fig. 79.1) is given as, =(x < —a) = Ae?* + Be-?*, W(—a < x < —b) = Ce’? + 
De® , (—b < x < b) = Fe?* + Ge? W(b < x <a) = Hel!’* + Ke~* and 
w(x > a) = Le?* + Me-?*, where, 


p=V—-2uwE/h, q=VJV2uEt+utig)/h, r= J/2u(E+u—ig)/h. (79.1) 


Ae~?4 + Be? = Ce'#4 4+ De’, Ape ?* — Bpe™* = iCge'" — iDge'™ 
Ce! + Deit? = Fe? 4+. Ge”, iCqe i” —iDge'” = Fpe-”” — Gpe”” 
Fe”? + Ge-?? = He” + Ke, Fpe?? _ Gpe?? = iHre'’® —iKre”’ 
He'™@ + Ke“? = Le?*4+.Me™, iHre'™ —iKre'" = Lpe™ — Mpe”* 
(79.2) 


In matrix notation, these (79.2) can be re-written as, 


m()-m(5)- 6 (6)-ae(6) om 
w(E)=-a(B): #(B)-m(8) 


A\ _ 1 1 1 1 LY) (my(E) m2(E) L 
(G)=™ M)Msx!MyMz! MoM; CGA es ier eee eler 


(79.4) 
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Fig. 79.1 Depiction of square double-well potential perturbed by imaginary (g 4 0) PT-symmetric 
potential. Here, Vj) =u +ig, Vx =u —ig 
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Fig. 79.2 Real part of E,, of the levels of the Square double-well (Fig. 79.1) when b is varied: (i) 
V; = 50 = V> (dashed line), (ii) Vj = 50+ i, V2 = 50 — i (solid line), (iii) Vj = 50+ Si, V2 = 
50 — Si (dotted line). Excepting dashed lines, others represent coalescing of eigenvalues in complex 
PT-symmetric case. Dashed lines present merging of levels in Hermitian case. a Eo, E for g = 0, 1 
b Eo, £3 for g = 0, 1 and Eo, E; for g = 5. The equation m22(E) = 0 has been used here 


For bound states, we demand B = 0 = L. From (79.4), we have B = L m2,(E) + 
M m2(E), where M #4 0. Finally we get, m22(F) = 0, gives the eigenvalues of 
bound states of double-well in Fig. 79.1. 

In Fig. 79.2, we present the variation of eigenvalues when the distance between 
wells in Fig. 79.1 is increased slowly. The solid lines present the coalescing of two 
levels when the total potential is mildly complex PT-symmetric (g is small). See 
the dashed lines for Hermitian double-well (g = 0) representing merging of two 
levels. Dotted lines arise when non-Hermiticity parameter becomes large, then the 
coalesced levels are not contained between the merging levels (dashed lines). The 
same scenario has been shown for other interesting potentials in [6]. 

Lastly, we conclude that the model discussed here brings the spectral phenomena 
of coalescing and merging of energy levels closer, however we know that they occur 
in two different domains: Hermitian and complex PT-symmetric. 
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Chapter 80 M®) 
Differential Cross Section Measurement ey 
of the Drell-Yan Process at 13 TeV 
proton-proton Collisions with the CMS 
Detector 


Ridhi Chawla 


80.1 Introduction 


Drell-Yan (DY) process [1] in hadron-hadron collisions is described in the Stan- 
dard Model (SM) by s-channel 7*/Z exchange. Theoretical calculations of the DY 
differential cross section are well established up to the next-to-next-to-leading order 
(NNLO). Comparison between various theoretical predictions and experimental mea- 
surements provide tests of perturbative quantum chromodynamics (QCD) and effec- 
tive input for constraints on parton distribution functions (PDFs). In addition, the 
study of DY lepton-pair production is important for various physics analysis at the 
Large Hadron Collider (LHC) as a background source for t¢ and diboson measure- 
ments, as well as for searches of new physics beyond the SM. 

A measurement of DY differential cross section da/dm where m is the invariant 
mass of the dilepton pair is presented [2] in dimuon channel in the mass range 
15 < m < 3000GeV using an integrated luminosity of 2.8fb~! of proton-proton 
collision data collected using the Compact Muon Solenoid (CMS) detector [3] at the 
LHC at ./s = 13 TeV. The measured differential cross section is obtained using the 
following formula: 

Ni 
aaa TEs (80.1) 
where WN, denotes the signal yield obtained after subtracting the backgrounds and 
applying an unfolding technique [4] to the background subtracted data in order to cor- 
rect for bin-to-bin migration effect due to detector resolution and final-state Quantum 
electrodynamics radiation (FSR) effect. A and € denote the acceptance and efficiency 
for signal events and are obtained from MC simulation. In addition, p is the scale 
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factor which accounts for the difference in the efficiency between data and MC. Lin, 
is the integrated luminosity corresponding to 2015 dataset. 

The events are collected using an isolated single muon trigger with pr > 20 GeV. 
The muons are required to pass the standard CMS muon identification and quality 
control criteria. The leading muon py in the event is required to have pp > 22 GeV 
and subleading muon py > 10 GeV. The muons should be within the acceptance of 
the muon system (|7| < 2.4). The two muons are required to have opposite charge 
and in case of more than one muon pair in an event, the one with smallest 7 for 
the dimuon vertex is selected. At least one of the two muons selected in each event 
should match the HLT trigger object. The da/dm measurement is performed in 
43 dilepton invariant mass bins. The edge of mass bins is identical to the previous 
measurement [5] performed at ,/s = 8 TeV. The highest mass bin is extended to 
3000 GeV considering the highest mass event observed in the dataset to be 2.3 TeV. 
The systematic uncertainties from different sources [2] are obtained in each mass bin. 
The dominant uncertainty vary depending on the mass range from 15 to 3000 GeV. 


80.2 Results and Discussion 


The DY differential cross section in the full phase space is measured after applying 
all the corrections discussed in the previous section. The cross section is presented 
as a function of dimuon invariant mass in the range of 15—3000 GeV. The results are 
compared to the NNLO theoretical prediction in Fig. 80.1 (left) which are calculated 
using FEWZ 3.1 [6] with NNPDF3.0 [7] and NLO EW correction as well as MAD- 
GRAPH5_AMC@NLO [8] predictions with NNPDF3.0 (NLO). The ratio between 
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Fig. 80.1 The DY differential cross section measurement as a function of dimuon invariant mass 
is shown for the full phase space (left) and the fiducial phase space (right) [2]. Overlaid on the 
left panel are the NNLO theoretical prediction of FEWZ (red) and the NLO prediction of MAD- 
GRAPHS_AMC@NLO (green) with FSR correction, while on the right the NLO theoretical predic- 
tion using MADGRAPHS_AMC @NLO (red) is shown at particle level 
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data and theoretical prediction is shown in the middle and bottom plots, where red 
colour denotes total uncertainty which is the combination of statistical, systemati- 
cal, theoretical and luminosity uncertainties. The band with purple colour denotes 
statistical uncertainty only. 

In addition to the fully corrected DY differential cross section measurement, the 
fiducial cross section within the detector acceptance and without FSR correction 
is produced. Figure 80.1 (right) shows the results compared to the NLO prediction 
by MADGRAPHS_AMC@NLO. The ratio between data and theoretical prediction is 
shown in the bottom plot, where red colour denotes the total uncertainty and the band 
with purple colour denotes statistical uncertainty only. 


80.3 Summary 


A measurement of the DY differential cross section da /dm is presented in the dimuon 
channel in the mass range 15 < m < 3000GeV. The measurement is performed 
with 2.8fb~' of proton-proton collision data collected using the CMS detector at 
the LHC at a center-of-mass energy of ,/s = 13 TeV. The results are corrected for 
detector resolution effect resulting in event migration between mass bins, efficiency 
which considers the difference between data and MC simulation, acceptance to take 
into account the coverage of CMS detector and FSR effects dominant below the Z 
peak region. The results are in good agreement with the SM theoretical predictions 
at NNLO prediction calculated with FEWZ and NLO prediction calculated with 
MADGRAPHS_AMC@NLO. 
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Chapter 81 M®) 
Galactic Cosmic Energy Spectrum cro 
Based Simulation of Total Equivalent 

Dose in Human Phantom 


Kajal Garg and Sonali Bhatnagar 


81.1 Introduction 


Astronauts in space are exposed to cosmic rays of very high intensity and frequency 
which may affect their central nervous system and cause cancer [1]. Earth is protected 
from this space radiation by it’s magnetic field so once the astronauts leave the orbit, 
they are exposed to constant shower of various radioactive and high energy particles. 
ALTEA (Anomalous Long Term Effect in Astronauts) experiment [2] which has 
been developed by ASI (Italian space agency) is also working on the cosmic radiation 
which pass through crew-members brain, measuring their brain activity and visual 
perception. Space radiation is of three types which are identified by their origin; 
GCR which is produced by the acceleration of solar plasma by strong electromotive 
force on solar surface, SEP which are produced by acceleration across the transition 
shock boundary of propagating coronal mass ejection and last is trapped radiation 
which is produced near the magnetic field lines of earth [3]. SEP has always been 
the primary concern for operation outside the earths protective magnetic shield but 
after space flights began it was realized that GCR are much more harmful than SEP 
when astronaut leave earths protecting shield. Energy of SEP ranges from 10 MeV 
to 100 MeV and GCR ranges from 100s of MeV to 10 GeV. In GCR proton is 85%, 
alpha is 12% and 3% are other light particle. The salient feature of these radiations is 
that a significant number of these particles have high charge which affects the means 
by which energy is transferred to tissues hence increasing the cancer probability by 
5 times as compare to the person on earth. Mars mission showed that the maximum 
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exposure from GCR is 2 Gy in which 50 % is from high energy charge particles and 
is 1 Gy from SEP. Equivalent Dose is given by 


H=QD (81.1) 
here Q = Quality factor, D = absorbed Dose, Q = 10 (for proton). 


_ fo f(DdE 
- 


D (81.2) 


here p is detector density, V is the volume and f(E) is energy distribution function. 


$1.2 Methodology and Simulation 


Hadronic binary model has been used for the simulation [4] because it has hadronic 
interaction above 10 MeV. In this study, the intra nuclear cascade model generates 
the final state for hadronic elastic scattering. The propagation of the incident particle 
through the nucleus and the production of secondaries is modeled by two particle 
collision cascading series. Secondaries are created during the decay of resonances 
formed during the collisions. This model is valid within the energy range of 40 MeV 
to 10GeV. The simulation in geant4 is divided into two parts: first initialization and 
second event processing. In the initialization the geometries (shape of the object 
defined) of the phantom (human considered as a square box), vehicle, SPE and GCR 
shielding (75cm thick) are designed (Fig. 81.1). Particle interaction processes and 
their interaction mechanisms are defined according to the model. For visualization 
purpose, HepRep driver is used. Secondly the event processing defines how many 
events, how the decay process should take place (at how much distance it should 
decay) and finally how all these processes should be saved in desired format. The 
data is analysed in ROOT which is an open source software developed by CERN. It 
saves the output in histogram and also has an interface to analyze data for zooming, 
fitting, filtration, marking data points to differentiate between two plots etc. This 
simulation has two shielding, one for SEP and other for GCR. By keeping the SEP 
shielding material fixed as water, we have observed the effect of GCR shielding with 
three materials Aluminium, Polystyrene and polyethylene on astronauts. 


Galactic phantom 

region GCR Shielding 
SPE Shielding 
Vehicle 


Fig. 81.1 Setup in simulation 
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81.3 Result and Discussion 


Each event has 1000 runs. The primary proton obeying GCR energy spectrum defined 
in [4] has been incident on the vehicle in the galactic atmosphere. The primary and 
secondaries reaching to the phantom after passing through vehicle and shielding is 
given in Table 81.1. The data for materials considered is shown in Table 81.1 with 
graph of few are in Fig. 81.2 is showing the energy spectrum for polystyrene, for rest 
of the material value is given in Table 81.1. Secondary particles are produced from 
the nuclear reaction that happen in shielding, this includes neutron, proton, mesons, 


gamma rays etc. When there is no shielding, intensity of the secondaries reaching 
phantom is very less. 


Table 81.1 Energy, number of particle deposited in phantom and equivalent dose in different 
materials 


Results Aluminum | Polyethylene| Polystyrene | No shielding 
Primary reaching to Energy 762 + 27 TI4 + 28 789 + 29 970 + 31 
phantom (MeV) 

Intensity 184+ 14 197+ 16 227+ 19 999 + 32 
Secondaries reaching to | Energy 5-6 5-6 5-6 5-6 
phantom (MeV) 

Intensity 1572432 |1955431 |1902430 | 14427 
Equivalent dose (sv) 140 117 107 217 + 26 
(calculated) 
Expected dose [1] (sv) 130 113 100 220 + 23 
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Fig. 81.2 (Left) Energy spectrum of primaries reaching to phantom, (Right) energy spectrum of 
secondaries reaching to phantom 
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81.4 Conclusion 


Aluminium structure attenuate radiation effects over most of the range of depth used 
in human vehicles and Poly materials are material with high hydrogen (H) which is 
efficient to break GCR particles into small fragments and low atomic number (Z) 
which produce more secondary particles. From this study Aluminium (Al) is found 
to be a poor shielding material as far as dose equivalent is concerned. Polyethylene, 
Polystyrene are examined as potentially useful material and demonstrates important 
advantages as an alternative to Al. It is observed that equivalent dose is minimum in 
Polystyrene as compared to the other material. 
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Chapter 82 ®) 
Light Flavor Hadron Production creek 
as a Function of Multiplicity in pp 

Collisions at ./s = 7TeV Measured 

with ALICE 


Kishora Nayak 


82.1 Introduction 


In recent measurements, several collective features similar to Pb—Pb collisions have 
been observed in high multiplicity pp and p—Pb collisions. Two-particle correlation 
studies indicate that there are flow-like effects in high-multiplicity pp and p—Pb 
collisions systems analogous to Pb—Pb collisions [1-4]. Particle ratio (e.g. A/K®) 
measurements in p—Pb collisions show similar features to Pb—Pb collisions [5]. In 
order to understand the origin of these intriguing features, a comprehensive study of 
identified particle production in pp collisions is needed. 

The ALICE detector has excellent particle identification capabilities. This enables 
us to study identified particle production over a wide range of transverse momentum 
at mid-rapidity (|y| < 0.5). Particle identification is performed by using different 
detectors such as the Inner Tracking System (ITS), Time Projection Chamber (TPC), 
Time Of Flight (TOF) and High Momentum Particle IDentification (HMPID). This 
analysis has been performed with events having low pile-up collected in 2010 using 
a minimum bias trigger and requiring at least one charged particle within |7| < 1 
(INEL > 0) in pp collisions at ./s = 7TeV. The event multiplicity is estimated 
by using the VO detector. The whole data sample has been divided into ten event 
multiplicity classes from highest (I) to lowest (X). 
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82.2 Results 


The transverse momentum spectra of different particles (7, K, p, K*?, KY A, &, 
Q) have been measured as function of event multiplicity in pp collisions at ./s = 
7 TeV [6]. A comparison of the py-differential AIK® ratio for the pp, p—Pb and Pb—Pb 
collision systems is shown in Fig. 82.1. The ratio is qualitatively similar for all three 
colliding systems and changes in a similar way across multiplicity classes. It has 
a maximum value around pr ~ 2-3 GeV/c. The magnitude of increase in the ratio 
from low to high event multiplicities is larger in Pb—Pb followed by p—Pb and then pp 
collisions. However, it is worth noting that the absolute value of (d Nn /d7))|n| <0.5 for 
the highest multiplicity class is much larger in Pb—Pb in comparison to p—Pb and pp 
collisions. A similar behaviour for the pr-differential ratio of p/7 is also observed, 
with depletion at low-py and enhancement at intermediate pry in all three collisions 
systems [5]. 

To obtain the py-integrated yield, the spectra are fitted with a Lévy—Tsallis func- 
tion and then extrapolated to the full py; range. The integrated yield ratios of baryons 
to pions, normalized to their corresponding yield ratio of in the O0-100% multiplicity 
event class, are shown in Fig. 82.2 as a function of multiplicity in pp and p—Pb colli- 
sions. There is a multiplicity dependent increase in the normalized yield for particles 
having a net strangeness content (A, &, (2). The py-integrated particle ratios show a 
continuous evolution from pp to p—Pb collisions as a function of event multiplicity. 
The rate of increase is found to be proportional to the number of constituent strange 
quarks. In Fig.82.2, commonly used MC models fail to describe all the observed 
features of high multiplicity pp collisions [6]. 


ALICE Preliminary pp 1s = 7 TeV ALICE p-Pb |s,,, = 5.02 TeV ALICE Pb-Pb \s,,, = 2.76 TeV 

= VoM Class |, (AN,,/dn) = 21.3 E55 0-5%, (AN. /dn) = 45.1 [= 0-5%, (AN, /dn) = 1601.0 

Ej VOM Class X, (AN. /dn) = 2.3 = 60-80%, (dN, /dn) = 9.8 5 60-80%, (AN, /dn) = 55.5 
(VOM Multiplicity Classes) (VOA Mult. Classes - Pb side) 


P, (GeV/c) 


Fig. 82.1 pr dependent A/K° ratio for different VO multiplicity classes in pp (left), p-Pb (middle), 
Pb—Pb (right) collisions at ./snn = 7, 5.02 and 2.76 TeV 
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Fig. 82.2. Ratios of baryons (p, A, &, &2) to pions, normalized to the corresponding ratio in the 
0-100% multiplicity class (Left). Baryon to meson ratio as a function of average charged particle 
multiplicity in pp and p—Pb collisions (Right) 


82.3. Conclusion 


The production of identified light flavor hadrons as a function of event multiplicity 
in pp collisions at ./s = 7TeV has been presented by the ALICE Collaboration. In 
pr-dependent baryon to meson ratios (A/K®, p/m), a qualitatively similar evolution 
of the baryon enhancement at intermediate pr has been observed in pp, p—Pb and 
Pb-Pb collisions. The pr-integrated yield ratios to pions show an increase in the 
relative production of strange particles as function of multiplicity in both pp and 
p-Pb collisions. This relative increase is more prominent for particles with higher 
strangeness content. There is no difference observed in the production of the particles 
with same number of constituent strange quarks, indicating the enhancement is more 
related to the strangeness content rather than particle masses. 
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Chapter 83 Mm) 
Different Freezeout Scenarios in Large cro 
and Small Systems 


Sandeep Chatterjee, Ajay Kumar Dash and Bedangadas Mohanty 


83.1 Introduction 


The phase transition predicted by Quantum Chromodynamics (QCD) from ordinary 
matter to a deconfined Quark-Gluon Plasma (QGP) is being studied in high-energy 
heavy-ion (Pb+Pb) collisions at the Large Hadron Collider (LHC) by producing 
a hot and dense strongly interacting medium called the fireball. The expansion of 
the fireball causes dilution of the energy density of the system. The medium mean 
free path elongates and finally drives the fireball out of equilibrium. The identi- 
fied hadron spectra and integrated yield provide insight into the particle production 
mechanism and interaction in the hadronic and QGP phases. The analysis of hadron 
yields allows an access to the properties of the chemical freezeout (CFO) surface 
where the hadronic inelastic collisions ceased [1-4]. Measurements in smaller col- 
lision systems such as proton-proton (p+p) and proton-lead (p+Pb) constitute a 
fundamental reference for the interpretation of the heavy-ion results. Here we have 
analysed the mid-rapidity data for hadron yields in Pb+Pb [5], p+Pb [6, 7] and 
p+p [8, 9] collisions at ./snn = 2.76, 5.02 and 7TeV respectively across all the 
available centralities. At these energies, the data reveals good particle-antiparticle 
symmetry which allow us to take the hadron chemical potentials to be zero. Thus the 
remaining parameters to be extracted from thermal fits are only the fireball volume, 
temperature and strangeness suppression factor at the time of freezeout. 
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83.2 The Model and Results 


The particle multiplicity N; of the ith hadron in the thermal model is given by 


Ni = 55 ep ky () Is (83.1) 


Here, V and T refer to the fireball volume and temperature respectively. g;, mj; and |S; | 
are the degeneracy factor, mass and strangeness content of the ith hadron respectively. 
We have omitted the chemical potential dependence in (83.1) as they have been 
taken to be zero throughout this work. The total yield N/*' is obtained by including 
the resonance decay contribution to the above yield (W/* = N; + > j B.R.ij x Nj, 
where B.R.;; is the branching ratio for the jth hadron to ith hadron). We have used 
three different freezeout scheme for this study. In 1CFO freezeout scheme, complete 
thermal and chemical equilibrium for all hadrons is assumed and 7s is fixed at unity. In 
the 1CFO+~5 scheme, non-equilibrium production of strangeness is considered and 
the 7s is treated as a fitting parameter. In the 2CFO scheme we stay within complete 
equilibrium setup. However, we allow for different freezeout thermal parameters for 
the non-strange and strange hadrons. 

The goodness of fit in terms of x7/ Nar for the different freezeout schemes across 
all available centralities for Pb-++Pb, p+Pb and p-+p collisions is shown in the top 
pannel of Fig. 83.1. In all schemes the fit quality deteriorates as one goes from Pb+Pb 
to p+Pb and p+p collisions. The 2CFO scheme describes the Pb+Pb data quite well 
but fails to explain the p+Pb and p+p data though the number of free parameters 
is double to that of 1CFO. From Fig. 83.1 (top pannel), it is clear that the better fits 
in the 2CFO scheme in heavy ion collisions (HICs) is not due to mere doubling of 
parameters- 2CFO would then always provide the best fit across all systems. The fact 
that there is a very clear system size dependence over the choice of freezeout scheme 
and that 2CFO works best only in the expected regime and fail miserably where it is 
expected to provides a strong evidence that the better performance of 2CFO in HICs 
is of physics origin. For smaller systems, 2CFO clearly performs worse than the other 
scenarios. Thus, our study strengthens the claim of 2CFO as a viable candidate of 
freezeout in HICs [10]. Depending on the best fit, the temperature, volume and the 
strangeness suppression factor ys are shown in Fig. 83.1 as a function of (dN-; /d7) 
for all the three systems. The extracted fireball volume varies over three orders of 
magnitudes whereas the temperature varies from 145 to 160MeV. In Pb+Pb the 
strange hadrons freeze earlier at 160 MeV whereas the non-strange hadrons freezes 
at 145 MeV. The 7s increases from lower to higher multiplicity in p+-p and p+Pb and 
saturates in Pb+Pb. A smooth transition of the freezeout parameters are observed 
among all the three colliding systems. 
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Fig. 83.1 Freezeout 
parameters (temperature T, 
volume V and strangeness 
non-equilibrium factor ys) as 
a function of average 
charged particle multiplicity 
in three different freezeout 
schemes for the three 
colliding systems Pb+Pb [5], 
p+Pb [6, 7] and p+p [8, 9] 
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83.3 Summary 


We have studied the system size dependence in the CFO conditions in p+p, p+Pb 
and Pb+Pb collisions at the LHC. The late stage hadronic interactions in Pb+Pb 
are found to cause a sequential freezeout with early freeze-out of strangeness as 
compared to the sudden and unified freezeout in p+p and p+Pb due to domination 
of expansion over interaction. Our study confirms that the analysis of the hadron 
yields within thermal models is sensitive to the physics of the CFO and the y7/Ny if 
is a good measure to discriminate between the different CFO scenarios. 
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Chapter 84 Mm) 
Study of Z’ Mediated FCNC Effects ee 
on B, > duty Semileptonic Decay 


Barilang Mawlong and Soram Robertson Singh 


84.1 Introduction 


The rare decay mode B, > dt ~ proceeds through the quark level transition b > 
sjt* u-. The LHCb measurement [1] of the differential branching fraction in the 
low q? region found a deviation of more than 30 below SM predictions for this 
mode. We therefore analyse this observable within the 331 model [2] to investigate 
whether the Z'-mediated FCNC arising from this model has any effect on it or not. 
We also examine the 331 Z’ effects on the forward-backward asymmetry and the 
lepton polarisation asymmetries. Since the Z’ has not yet been discovered, its exact 
mass is unknown. Many extensions of the SM predict this mass to be in the range 0.6— 
5 TeV. LHC bounds on Mz, are 3.4 and 2.8 TeV [3] for Z’ originating from sequential 
standard model (SSM) and E¢ grand unification models. In our work, we explore the 
effects of the 331 Z’ for masses ranging from 1-5 TeV. 


84.2 Standard Model Analysis 


The effective Hamiltonian describing the quark level transition b > s/*/~ is given 
by 


10 


Gr. ats 
Met = —4 ViVi Yi CMO), (84.1) 


i=1 
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The differential decay width for B, > @u* py is given by 


dl" _ Gorm, mM, 


2 AYA 
Fee |VixViel a3) A (84.2) 


where the form of i#(s) and A can be found in [4]. 
In addition, we also find the normalised forward-backward asymmetry as defined 
in [4] as well as the longitudinal polarisation asymmetry defined in [5]. 


84.3 331 Model Analysis 


The 331 model based on the gauge group SUc (3) ® SU,(3) ® Ux (1) predicts several 
new particles which includes the Z’ boson. The electric charge is defined as a linear 
combination of the diagonal generators of the group 


OQ =T3 + STs + XI (84.3) 


where (3 is a key parameter that gives ne to suieret variants of the 331 model. We 
follow [6] where we consider 6 = +4 a and 6 = +5 values only. The dominant Z’ 
contributions affect only Co and Cio. The new contributions are 


i. AP AP a) 
Digits Vis Vip 

1 A” 7! Ale 7! 
sin’ OwCiy = -=—5 ri 1 aC ) (84.5) 
IsmMz, Vis Vib 


sin’ OwC, : (84.4) 


where A$?(Z’), AUM(Z’), Al" (Z’) are the relevant couplings of Z’ to quarks and 
leptons. The quark couplings a (Z') are parametrized as a? (Z’) = —sy3e7 3 and 
are constrained by flavor observables like AM,, CP asymmetry S,,4 and also by the 
branching ratio of B, > jut ww [7]. The values of the lepton couplings are taken from 
[6]. All other input parameters are taken from [8]. 


84.4 Results and Discussion 


The variation of differential branching fraction, forward-backward asymmetry and 
lepton longitudinal polarisation asymmetry with respect to the dilepton invariant 
mass q’ for the range 0 < q* < 6GeV? is shown in Fig. 84.1. The bands we have 
drawn correspond to uncertainties in the parameter space of the new Z’ couplings. The 
allowed parameter space has been obtained by considering constraints as mentioned 
in Sect. 84.3. 
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Fig. 84.1 The differential branching fraction, forward-backward asymmetry and lepton longitudi- 
nal polarisation asymmetry for @ = —1/./3. The green and yellow bands correspond to the 331 Z’ 
contributions for MZ = | and 3 TeV, respectively 


It is found that only 6 = —1/V/3 and 6 = —2//3 values have significant effects 
on the observables considered. The (523, 623) pair central values generated for these 
G values are (0.01, 5.3) and (0.03, 5.4) for two representative values of MJ, i.e., 
M}, = 1TeV and M; = 3 TeV, respectively. We have shown only the G6 = —1/ J3 
results here. It can be seen from the figures that the differential branching ratio, 
dArg/ds and Py are sensitive to the new parameters of the 331 model. There is a 
reasonable deviation from SM expectation for differential branching ratio. However, 
we find that the model cannot satisfactorily explain the discrepancy between theory 
and data. For P;, the deviation is quite significant. The forward-backward asymmetry 
also shows deviation from SM expectation. The zero crossing shifts to a new position. 
To conclude, since B, > yt” is arare decay mode, it can provide sensitive probe 
for new physics (NP) like a new Z’ boson. If NP is discovered in the future, we can 
understand the tension between theory and data for this mode and others in a far 
better way. 
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Chapter 85 ®) 
Timing and Induced Charge Profile rie 
of Large Size RPC Detector 
for INO-ICAL Experiment 


Ankit Gaur, Aman Phogat, Moh. Rafik, Ashok Kumar and Md. Naimuddin 


85.1 Introduction 


The India-based Neutrino Observatory (INO) [1] is an approved project aimed at 
building a world-class underground laboratory to study fundamental issues related 
to the atmospheric neutrinos. The INO will be located in the Bodi West Hills, Theni 
District of Tamil Nadu. The primary detector proposed to be built at INO is the Iron 
Calorimeter (ICAL) detector. The ICAL detector is a magnetized sampling calorime- 
ter with a mass of about 51 Kton. The complete detector will have a modular structure, 
having the dimensions of 48 x 16 x 14.4m°. The detector will utilize magnetised iron 
plates as the target material and about 28000 Resistive Plate Chambers (RPCs) as 
sensitive elements. The spatial localization of the muons produced from the muon 
neutrino induced charge current events will be done by the two dimensional orthog- 
onal readout of the RPCs and the layer number, while the directionality information 
revealed via the timing information provided by the sensitive detectors. In this paper, 
we present the timing and charge response of the 1m x Im size single gap glass 
based Resistive Plate Chamber under the different gas compositions. 


85.2 Resistive Plate Chambers 


Resistive Plate Chambers [2] are the particle detectors that combine good spatial 
and timing resolution and are extensively used in the experiments that require fast 
triggering. Various studies concerning choice of appropriate electrodes, choosing 
of suitable gas mixture and performance study of these detectors [3-7] have been 
already done. In our present study we have fabricated 1m x 1m size RPC, using 
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Saint Gobain glass as an electrodes material. The fabricated RPC was tested for their 
timing and charge response under two gas mixtures. In this study the following two 
gas mixtures have been used. 


1. Freon (95.0%), Isobutane (5.0%). 
2. Freon (95.0%), Isobutane (4.5%), Sulfur Hexaflouride (0.5%). 


85.3 Experimental Setup 


The performances of the fabricated RPC was tested using the cosmic ray test setup 
shown in Fig. 85.1. In order to determine timing response of the RPC, a device named 
Time to Digital Converter (TDC) has been used. 
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Fig. 85.1 Schematic diagram of the experimental set-up used for the timing and charge response 
measurements 
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Fig. 85.2. Time distribution(left) and charge spectra (right) of the Saint Gobain RPC detector at a 
bias voltage of 10.6kV, under S F¢ concentration of 0.5% 
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The output pulses of the different scintillators and the RPC are transferred into 
a CAEN V814 discriminator for the digital conversion. Triple coincidence of the 
scintillators pulses (Digital) have been done using a CAEN V976 logic unit. The 
output of the logic unit utilize as a START pulse and the discriminated output pulse 
of the RPC used as a STOP pulse for a CAEN V775 TDC. A CAEN V965 Charge 
to Digital Converter (QDC) is used to measure the charge content of the pulses. 
The output of the CAEN V976 logic unit is taken as a GATE pulse and the analog 
pulse of the RPC used as a input for the CAEN V965 QDC. Figure 85.2 shows the 
timing response and charge spectra of the Saint Gobain RPC at applied bias voltage 
of 10.6kV for the gas mixture Freon (95.0%), Isobutane (4.5%), Sulfur Hexafluoride 
(0.5%) respectively. 


85.4 Results 


We have investigated the timing and charge response of | m x | m glass based single 
gap Resistive Plate Chamber under different gas mixtures. Addition of the S F¢ gas in 
the mixture results in reduction of charge and fluctuations, hence leads to stable oper- 
ation of the detector. The time resolution of the fabricated RPC is found in between 
1.96 and 1.71 ns for the gas mixture Freon (95.0%), Isobutane (5.0%) and 2.05 - 
1.48ns for the gas mixture Freon (95.0%), Isobutane (4.5%), Sulfur Hexafluoride 
(0.5%) respectively. Charge spectra shows peak charge collection between 0.4 and 
2 pC on average under both the gas mixtures. 
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Chapter 86 Mm) 
Explaining R(D“), Rx and (g — 2) yin ee 
a E> Motivated Left-Right Model 


Diganta Das, Chandan Hati, Girish Kumar and Namit Mahajan 


Introduction: The recently reported measurements of semileptonic B decays B > 
Dry and B > K£+£~ by the LHCb collaboration [1, 2] and B factories [3] show 
significant deviations from the Standard Model (SM) predictions. To reduce theo- 
retical uncertainties, one defines observables R(D™)) and Rx as ratios of branching 
ratios: 


RD) = 


BR(B > D“)77,) _ BR(B => Kuty) (86.1) 
oe ; 


BR(B > D®lx,)’ ~*~ BR(B=> Ket 


The current experimental world averages [4] for observable R(D™) are R(D) = 
0.397 + 0.040 + 0.028 and R(D*) = 0.316 + 0.016 + 0.010 corresponding to 1.90 
and 3.30 deviations from the SM values R(D)*™ = 0.300 + 0.008 [5] and R(D*)™ 
= 0.252 + 0.003 [6], respectively. The measured value of Rx = 0.74510" + 0.036 
[2] in the dilepton invariant mass bin 1 GeV” < q? < 6 GeV” corresponds to a 2.60 
departure from the SM prediction, ae = 1.0003 + 0.0001 [7]. 

Another interesting deviation from the SM has been seen in the measurement of 
anomalous magnetic moment of the muon (g — 2),,. The measured value of (g — 2), 
by E821-BNL experiment [8] differs from the SM value by Aa, = aj)? — a3M = 
(2.9 + 0.9) x 107° [9] corresponding to about 3c discrepancy. 

In this article, we show that these anomalies can be explained within the framework 
of neutral left-right symmetric model (NLRSM) gauge group SU(3)c x SU(2)r x 
SU(2)n x U(1)y [10] motivated by one of the low energy subgroups of E~ which 
naturally contains leptoquarks. Our primary interest in this paper is to study the 
effects of interactions involving leptoquarks and their supersymmetric partners on 
concerned flavor processes [11]. 


Superpotential of the model: The superpotential governing the interactions among 
the fields of NLRSM is given by 
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=! (UNENG + cE NG +veNEn + EE‘n) +  (d°Nfh + hh‘n) 
Sue ha x (uu N§ + u°dE*) + (ve E + ee°VE) 
+ ° (ud°E + dd°vg + uhe + dh°v,) , (86.2) 


where we have suppressed the family indices of superpotential couplings \ for sim- 
plicity. Here h is a leptoquark with charge —1/3 and vg, E, E°, Ni, n and N° are 
new exotic fields in this model. 


New physics explanation of anomalies: From the superpotential (86.2) it follows 
that there are two new Feynman diagrams, involving tree-level exchange of the 
scalar leptoquark (h*) and slepton (E), which contribute to decays B > D“ 77, 
The corresponding new physics (NP) effective Hamiltonian is given by 


3 6x no do 
-) Vp; (2 324 CAG LDR TRUL + ete, al a rw] , (86.3) 
ik=1 Wi 2 ie 

where V;; are the CKM matrix elements and m;,(m ;) is the mass of scalar leptoquark 
hi (slepton E*), Under one operator dominance hypothesis we find that the NP Wil- 
son coefficient of the vector operator (¢;y"b,) (FLY) is capable of explaining both 
R(D) and R(D*) simultaneously, while that of the scalar operator (C_Dr) (TrRVL) 
cannot. The NP couplings AS, , and AS ,) corresponding to vector operator also con- 
tribute to other flavor processes, e.g., B > TV, Dt — tv, Dt > rv and D® — D°. 
We use the experimental information available on these processes to constrain these 
NP couplings. We find that taking mj... = 750 GeV (larger values are also allowed), 
one can explain both R(D) and R(D*) experimental data quite well with values of 
can and Aone being less than unity consistent with the constraints from the flavor 
sector. 

On the other hand, in NLRSM the leptoquark can induce new contribution to 
Rx through one loop Feynman diagrams involving the scalar leptoquark and its 
supersymmetric partner as virtual particles in the loop. We find that contributions 
of y- and Z- penguin diagrams vanish while the box diagrams give the following 
contribution to NP Wilson coefficients of operator (S,y,,bz) (é Lyez): 


2 a 2k 
cl NS 4AS3E (z: ABAD INDI I 
LL 


87a. \ mj, 32V2 Gr VieViirae | m7 


L (mH mi 86.4 
+ eis 
one me eo} 


where g(x, y, z) = x? logx/[(x — 1)(x — y)(x — z)] + (cycl. perm.) is the loop 
function. The superpotential couplings appearing in the expression of C/', canbe con- 
strained from the present experimental measurements of B — B mixing, Z > pit p-, 
t > buv,, D, > pv, etc.. The global fit to b > s€é data suggests that Rx can 
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be explained with —1.5 < Ci, S —0.7 and -1.9< Ci, — Chr <0 [12]. Taking 
m;, ~ 750GeV and mp, ~ 600 GeV, we find that one can easily obtain the standard 
solution C/, = —land Cy, = 0 to explain Rx while satisfying the constraints from 
other processes as discussed above. 

In NLRSM, one can also address the anomalous magnetic moment of the muon 
through one loop vertex diagrams induced by \° term in the superpotential (86.2). 
The details can be found in our original work [11]. 


Conclusion: We have studied the NP contribution to semileptonic B decays B > 
Drv and B > Ké*é~, and anomalous magnetic moment of the muon arising 
in NLRSM and shown that discrepancies observed in the measurement of R(D™?), 
Rx and (g — 2),, can be explained in NLRSM with the required size of NP cou- 
plings being compatible with the present experimental constraints from B and D 
(semi)leptonic decays and neutral B and D meson mixings. 
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Chapter 87 ®) 
SU(6) Grand Unification of 3-3-1 Model sre 


Frank F. Deppisch, Chandan Hati, Sudhanwa Patra, Utpal Sarkar 
and José W. F. Valle 


Introduction: The SU(3), x SU(3)_ x U(1)x [1] gauge extension of the Standard 
Model (SM) is one of the most popular candidates for new physics which can be ver- 
ified at the next generation accelerators [2, 3]. This model can also shed light on our 
understanding of non-vanishing neutrino masses. The SU(3), x SU(3)L x U()x 
model originally proposed by Singer, Valle and Schechter (SVS) [2] is not free of 
anomaly for each generation of fermions. However, once all three generations of 
fermions are included in the calculation the model becomes anomaly free. Conse- 
quently, multiplicities of different multiplets of the SU(3), x SU(3), x U(1)x group 
appear with differently and it becomes a challenging task to find a usual grand uni- 
fied theory to embed such a theory. In [4] we have studied the unification of such a 
theory in a minimal SU(6) gauge theory which can in turn emerge from an E(6) GUT. 
Interestingly, the SVS 3-3-1 theory can readily be rearranged into an generation wise 
anomaly free structure which can be then readily be embedded in a minimal anomaly 
free combination of SU(6) representations. We will refer to this new variant as the 
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sequential 3-3-1 model. This variant of the 3-3-1 model is particularly intriguing 
since this SU(6) embedding of this variant does not need any new bulk exotic fields 
to explain the chiral families. In this sense it is a truly minimal unification in the 
same spirit as the minimal SU(5) unification [5]. 


The sequential SU(3), x SU(3), x U(1)x Model: In this model the assignment 
of the fields are done in such a way that the anomalies cancel separately for each of 
the generation. The field assignments given by 


QaL = (uaz, daL, Dat) = [3, 3,0], var = (3, 1, 2/3], dar = [3, 1, -1/3], 
_ T 
Dar = [3,1,-1/3], vat = (eg, Yat Ni.) =U.3*, -1/3), (87.1) 


= T 
bat = (Egy NB. N3,)" = UL 3*,-1/3) xan = (NS), Bt, ef,) =0.3%,2/3) 


We assume the Higgs sector to be the same as the SVS 3-3-1 model for symmetry 
breaking and generation the charged fermion masses. The Yukawa Lagrangian for 
the quark sector is given by 


Lquarks = Vuq OQaLUarG + yi, Qatdar; Si Yp, QatDar?; a h.c. > (87.2) 


where a = 1, 2,3, i = 1, 2 (neglecting any flavour mixing). The relevant Yukawa 
interactions in the leptonic sector can be written as 


Lieptons —_ Eaby waco (91€51. $04 + 5X1 iy) + &,C'y3xer di] + h.c. > 
(87.3) 


where a, 3, y are the SU(3), tensor indices ensuring Dirac mass terms are anti- 
symmetric. Here C denotes charge conjugation matrix, andi = 1, 2. Post symmetry 
breaking the 5 x 5 neutrino mass matrix for each generation can be diagonalized to 
obtain two quasi-Dirac heavy neutrinos with mass around SU(3), x SU(3), x U()x 
symmetry breaking scale, two Dirac neutrinos with the electroweak symmetry break- 
ing scale mass, and a light Majorana neutrino. 


SU(6) Grand Unification: It is straightforward to check that each generation 
of the fermionic multiplets of the sequential 3-3-1 model given in (87.1) can be 
fitted exactly in the anomaly free combination of SU(6) representations given by: 
6 + 6 + 15, where 6 contains d¢ = [3, 1, —1/3] and 7, =[1, 3*, —1/3]; 6’ 
contains DF = [3, 1, —1/3] and €, = [1, 3*, —1/3]; and 15 contains uf = [3*, 1, 
—2/3), x, =U, 3", 2/3] and Q; = [3,3, 0]. Now the E(6) fundamental repre- 
sentation 27 decomposes under the maximal SU(2) ® SU(6) subgroup as 27 = 
[2, 6] + [1, 15]. Three 27s of E(6) which contain three sets of multiplets 
6 + 6 + 15 can accommodate the three generations of the fermionic fields of 
the sequential 3-3-1 model. However, it turns out that with the minimal content of 
the sequential 3-3-1 model one cannot obtain a successful unification. Interestingly, 
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Fig. 87.1 The RG running of the gauge couplings for the sequential 3-3-1 Model with sequen- 
tial fermionic octets with SU(3). x SU(3)_ x U(1)x symmetry breaking scale My = 4000 GeV 
and octet mass Mg = 108 GeV, demonstrating successful gauge unification at the scale My = 
10'55 GeV with ny = /573 and ny = 2/V3 


if three generations of the fermionic octets are added then one can have a successful 
gauge coupling unification. 

The one-loop beta-coefficients for the energy scale between the electroweak 
symmetry breaking and the SU(3), x SU(3), x U(1)x symmetry breaking (Mz 
to Mx) are given by bo, = —19/6, by = 41/10, b3c = —7. The one-loop beta- 
coefficients for the energy scale between the SU(3), x SU(3), x UC)x symmetry 
breaking scale and the octet mass (Mx to Mg) are given by b3, = —9/2, by = 13/2, 
be = —5. Finally, the one-loop beta-coefficients for the energy scale between 
the octet mass to the unification scale (Ms to My) are given by be, = 2n — 9/2, 
where n is the number of generations of the fermionic octets ({2 = [1, 8*, 0]), 
bs = 13/2, Be = —5. Figure87.1 shows the gauge coupling running of the 
sequential SU(3), x SU(3)_ x U(1)x model and fermionic octets with 
SU(3), x SU(3)_ x UC)x symmetry breaking scale My = 4000GeV and octet 
mass Mg = 108 GeV, showing a successful gauge unification at the scale My = 
10! GeV for ny = /5/3 and ny = 2//3. Taking My = 105° GeV and aguy ~ 
35 in sequential 3-3-1 model, the proton decay lifetime for the mode p —> et7° is 
roughly ~10** yrs and is consistent with the limits from current experimental [6]. 


Concluding Remarks: We have discussed a minimal SU(6) grand unification of 
the sequential variant of the SU(3), x SU(3)_ x U(1)x model which allows for a 
TeV scale SU(3), x SU(3)_ x UC1)x breaking as well as neutrino masses induced 
via seesaw. The unification of the gauge couplings can be connected to the presence of 
three generation of leptonic octets with mass between the 3-3-1 symmetry breaking 
scale and the unification scale. The presence of the octet scale can have interesting 
implications for radiative origin of neutrino masses [7]. 
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Chapter 88 Mm) 
Search for Majorana Neutrino via B, Sheet 
Decay Modes 


Sanjoy Mandal 


88.1 Introduction 


The discovery of neutrino oscillation confirms neutrino mass. The seesaw mechanism 
[1] provides a natural explanation of the smallness of neutrino mass. The simplest 
realization of the seesaw, the so-called type-I seesaw, requires the existence of a set 
of heavy electroweak singlet (sterile) lepton number violating (LNV) right handed 
Majorana fermions, Npr (b= 1, 2,3... n). 

We extend the SM to include n right-handed SM singlets along with the three 
generation of left-handed SM SU(2) doublets [2]. In this model, flavor eigenstates 
ez can be written in terms of the mass eigenstates as, ve, = ss UemUinie + 
peas a Ven Nip, with UU +4 VV? = 1. Inthis work, we consider only one heavy 
neutrino N, with heavy-light mixing parameters Vey (the mixing parameters of the 
fourth mass eigenstate N with the SM flavor neutrinos v7). We take a phenomenolog- 
ical approach regarding the mass and mixing elements of the heavy neutrino, taking 
them to be free parameters, constrained only by experimental observations. 


88.2. Evaluation of the Br > Buty rt, J/b Gat 
Decays 


For the four-body decay B> (p) > Bo (k1)€1 (ka) 2 (ks) + (ka), where £1, €2 = e, pL, 
only s-channel diagrams shown in Fig. 88.1 contribute. Hence, the Majorana neutrino 
N that induces this LNV process can appear as an intermediate on mass shell state, 
leading to an enhancement of the decay rate. The decay amplitude for the processes 
depicted in Fig. 88.1 can be expressed as, 
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Fig. 88.1 Feynman diagrams for the decay By > Beer ej at 


= G Vos Vud Ven Veon Sr 
(p — ki — ko)? — my, +imn Dy 
t(k3)YaYu CL + ys) vlkadky + (ko <> kz, £1 <> 2) 


(Fi.(q?)(p + ki)" + F_(@?)(p — ks)*) 


The form factors for BD > B have been calculated in the framework of 3-point 
QCD sum rule in [3]. My is the total decay width of the heavy neutrino N, obtained 
by summing over all accessible final states. The total decay width I"y is given by [4]: 


Dy = ae (my) | Ven |? +ay (my) | Van 7? tar (my) | Ven I? (88.1) 


where, d-, a, and a, are functions of the Majorana neutrino mass and hence will differ 
from mode to mode. To calculate the four-body phase space required for evaluating 


the decay rate (B= (p) > By (ky) €1(kx)€0(ks)* (ka) = 3 f da(ps) | M [?, the 
final particles can be partitioned into two subsystems X 2 and X34, each of which 
subsequently decays into a two-body state. 


da (ps) = dy (ps By > X 2X34) do (ps X12 > kik) do (ps X34 > k3k4) dMjdM3,, 


where X12 = (k} + k2), X34 = (k3 + ka), en — M?, and ee — Mi, p- = mand 
k? = m?. m, 1,2, ™m3, and mz, are the masses of B-, B,, £1, €y and xt respectively. 
For detailed discussion and explicit form of the above four momenta, four body phase 
space see [4]. 


88.2.1 Bounds on Mixing Angles Using Upper Limits on the 
Branching Ratios for By > Bote Ca. 
J [wey £5 nt Decays 


The LNV branching ratios in general can be written as: B (3: > Beg nr) = 


Veni? 1Venn i? : ; 
Gee, (my) ee where, G,,¢, are functions of the Majorana mass and depend 
on the explicit matrix element and phase space for each of the processes. Now 
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Fig. 88.2 Exclusion curves for mixing elements from the possible upper limits for different decay 
modes. The first two figure are for Bee; &5 at 


Ber (BBG; Gr") 


define, F2,¢, = Ga) . The upper limits on the B°*? can be very simply 


translated into the upper limits on, | Vey 7, | Vin 7; | Vew Vin | under the assump- 
tion, | Vey |~| Vin |~| Vrw | in Py. This result in the constraints, | Voy P< 
Fee (ae + a, + a); | Vin [Pe Fry (ae + a, +4,); | Ven Vin |< Pou | Fue 
(ae + ay + a;). According to [5] at the LHC with ./s = 14TeV, the expected no. 
of B, events can be ~O (10'°) per year. It may be possible to set upper limit on 
The BR of 10~? — 10~7. However since the final state B.. have to reconstructed, we 
can only set limit ~O (10~° — 10~*). On the other hand for the mode J/w€; €3 77, 
final state J/x) reconstruction results in suppression factor of ~O(10~7), so tighter 
upper limits on the BR ~O(10~") may be achievable. For the case of By > 1*€; e5 
we can even set limit on BR ~O(10~°). We have shown the exclusion curves for 
mixing elements in Fig.88.2. These limits are mostly tighter or comparable than 
those obtained from other heavy meson and tau three body decay modes in earlier 
studies [2]. 


88.3 Conclusions 


We propose several B, decay modes for Majorana neutrino searches. We find tighter 
constraints on | Vey 7, | Vin 7, | Vew Vin | in a large range of the heavy neutrino 
mass. Exclusion regions for | Vew V;w |, | Vin Vr | can also be obtained for masses 
larger than those accessible in tau decays. Also, upper limits for | V-y |? can be 
obtained in the mass range (0.3—5.0) GeV, where it is so far unconstrained. 
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Chapter 89 ®) 
Impact of Active-Sterile Neutrino Mixing =” 
on Physics Potential of Long Baseline 

Neutrino Oscillation Experiments 


C. Soumya and Rukmani Mohanta 


89.1 Introduction 


The discovery of neutrino oscillation in Super-Kamiokande [1], SNO [2], and Kam- 
LAND [3] experiments can be considered as a first evidence in favour of new physics 
beyond the Standard Model (SM) of particle physics. Moreover, the three flavor neu- 
trino oscillation framework is very successful in explaining the observed oscillation 
data, which involves six parameters (three mixing angles: 6,2, 013, 623, one phase: 
dcp, and two mass squared differences: Am}, Am?) and considered as a standard 
picture of flavour transitions of neutrinos. At this point of time, the investigation of 
neutrino oscillation enters to an era of precision measurement with the measurement 
of the reactor mixing angle sin” 20,3 by both reactor (Daya Bay [4], RENO [5], and 
Double Chooze [6]) and accelerator (T2K [7]) experiments, which opens up a way 
to determine the current unknowns in 3-flavor framework such as neutrino Mass 
Hierarchy (MH), CP-violating phase, and the octant of atmospheric mixing angle. 
The current and future neutrino oscillation experiments are intend to determine these 
unknowns. 

Though the 3 flavor framework could accommodate the remarkable experimental 
results from solar, atmospheric, reactor, and long baseline experiments, it can not 
explain the experimental results from short baseline experiments. They are collec- 
tively known as short baseline anomalies (LSND anomaly, MiniBooNE anomaly, 
reactor and gallium anomaly). All these anomalies point towards the existence of 
one or more eV-scale neutrino states. In addition to this, there are theoretical models, 
which are introduced in the literature to explain observed neutrino mass, predicts ex- 
istence of eV-scale sterile neutrino, for instance the neutrino mass model in wrapped 
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extra-dimension predicts existence of eV-scale sterile neutrino [8]. However, the in- 
visible decay width of Z boson at LEP experiment shows that the effective number of 
neutrinos participate in weak interaction is three. This implies that the new neutrino 
states do not participate in weak interaction and such neutrinos are known as sterile 
neutrinos. Though the sterile neutrinos do not have any SM interactions, they can 
mix with the three active neutrinos. These active-sterile mixing can affect the sen- 
sitivity of long baseline experiment. In this regard, in this paper, we investigate the 
effect of active-sterile neutrino mixing on the determination of unknowns at NOvA 
experiment in presence of one sterile neutrino. 


89.1.1 3+] Framework 


In the presence of one sterile neutrino, the 4 x 4 neutrino mixing matrix can be 
parametrized with six mixing angles and three CP-violating phases and a convenient 
form of it is given by, 


Upmns = V34V24 R14 R23 Vi3 R12, 


where V;; and R;; are complex and real rotation matrix with rotation in (i, j) plane 
whose 2 x 2 sub-matrix is given by, 


cos6@;; sin 0;;e-%1 cos 6;; sin ;; 
Vij = : 6; ; Rij = : ; 
—sin de" cos 6; — sin 0;; cos 6;; 


The constraints on the active-sterile neutrino mixing angles are given in Table 89.1, 
which are obtained from v/v, disappearance and appearance searches, and v,,/V,, 
disappearance searches using various neutrino oscillation experiments. 


89.1.2 Simulation Details 


The long baseline neutrino oscillation experiment NOvA, which uses NuMI beam 
with a power of 700kW, has a 14kt far detector situated almost 810km away from 
the Fermilab. We use GLoBES [11, 12] package to simulate this experiment and the 
experimental specifications are explicitly given in [13]. 


Table 89.1 The constraints Upmns element Mixing angles 

on mixing angles at 95 % C.L 5 

[9] [Ueal? € (0, 0.1] O14 € (0°, 13°] 
|Uyal? € [0, 0.03] O24 € [0°, 7°] 
|U;a|* € [0, 0.3] 034 € [0°, 26°] 
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Table 89.2 The oscillation parameters used in the analysis [10] 


3-flavor parameters 4-flavor parameters 
sin? 012 = 0.32 O14 = 13° 

sin? 2013 = 0.085 604 = 7° 

sin? 053 = 0.41 634 = 26° 

Am? in = 2.4 x 10-7eVv? Ami, = lev? 
Am}, = 7.6 x 10-5 eV? 524 = 0° 

dcp = —90° 634 = 0°. 


T T 
341 —— 


4 6 8 10 12 14 4 6 8 10 12 14 4 6 8 10 12 14 
Number of Years Number of Years Number of Years 


Fig. 89.1 The CPV (left panel), octant (middle panel), and MH (right panel) sensitivities of NOvA. 
These results correspond to lower octant (sin? Os" = 0.41) 


89.1.3 Results and Conclusions 


In this section, we present the sensitivity of NOVA to discriminate the CP-conserving 
points, wrong octant, and wrong mass hierarchy in 3-flavor framework and in 
presence of sterile neutrino. Recent experimental results hint towards NH with 
dcp = —1/2. Therefore, we assume the true values of oscillation parameters as 
given in Table 89.2. The sensitivity as a function of number of years of run is given 
in Fig.89.1. From the figure, we can see that there is a significant change in the 
sensitivities of NOvA in presence of one sterile neutrino. 
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Chapter 90 M®) 
Measurement of Z + Jets Differential une 
Cross Section at ./s = 8 and 13 TeV with 

the CMS Detector 


Suman B. Beri, Vipin Bhatnagar and Sandeep Kaur 


90.1 Introduction 


The large centre-of-mass energy at the Large Hadron Collider (LHC) allows produc- 
tion of events with high jet transverse momenta and high jet multiplicities associated 
with an electroweak bosons. The data corresponds to an integrated luminosity of 
2.25fb~! at 13 TeV proton-proton (pp) collision, recorded by the Compact Muon 
Solenoid (CMS) [1] detector during the Run II of the LHC. The differential cross 
sections are measured as a function of the inclusive and exclusive jet multiplici- 
ties and jet kinematical variables including the jet transverse momentum (pr), the 
absolute jet rapidity (|y|) and the jet transverse momenta scalar sum (Hy). The mea- 
surements are compared to multileg NLO predictions using the FxFx jet merging 
scheme. 


90.2 Analysis Strategy 


The Z-+jets signal process is generated with MG5_AMC interfaced with PYTHIA8, 
using the FxFx merging scheme. The f¢7 and single top backgrounds are generated 
using POWHEG interfaced to PYTHIA8. Background MC samples corresponding to 
double vector boson electroweak production are generated with aMC@NLO (WZ), 
POWHEG (WW), both interfaced to PYTHIA8 and with PYTHIA8 alone (ZZ). The final 
state particles in Z+jets decays are identified and reconstructed with the particle-flow 
(PF) algorithm. The reconstruction of muons is described in detail in [2]. The trigger 
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selects events with two isolated muons with transverse momenta of at least 8 and 
17GeV. After reconstruction, muons with pr > 20GeV and |n| < 2.4 are selected. 
We require that the two muons with highest transverse momenta to be oppositely 
charged and form a pair with an invariant mass within a window of 91 + 20 GeV. Jets 
are reconstructed by clustering the PF candidates with the anti-ky algorithm, with a 
size parameter of 0.4. Jets are required to have pr > 30GeV, |y| < 2.4 and to have 
a spatial separation from muon candidates of AR = \/ An? + Ad? > 0.4. Jets are 
further required to satisfy the loose identification criteria. 

The Z decay in 77” is considered as background and is subtracted during the 
unfolding procedure. The background contamination is below the percent level for 
the inclusive selection, but increases with the number of jets mainly due to tf pro- 
duction, reaching 15% for a jet multiplicity of 4 and above. The fiducial cross sec- 
tions are obtained by subtracting the simulated backgrounds from the data distribu- 
tions and correcting the background-subtracted data distributions back to the particle 
level using an unfolding procedure. This is performed using the iterative Bayesian 
method [3]. A response matrix is computed using the simulated Z+jets events. 

In this analysis, the systematic uncertainties are considered from various sources. 
The dominant source of systematic uncertainty is the jet energy scale uncertainty, 
which is up to 7% for a jet multiplicity of 1. The uncertainty on the cross section of the 
largest background contribution from top pairs, is estimated to be 10%. A systematic 
uncertainty associated with the generator used to build the unfolding response matrix 
is assessed by weighting the simulation to agree with the data in each distribution 
and constructing a reweighted response matrix to unfold the data. The difference 
between the unfolded results obtained using the weighted response matrix and the 
nominal results is taken as the systematic uncertainty associated with the unfolding 
response matrix. The uncertainty on the integrated luminosity is respectively 2.6% 
for 8 TeV dataset and 4.6% for 13 TeV dataset. 


90.3. Results and Summary 


The measured cross sections for 8 and 13 TeV are shown in Fig. 90.1. For 8 TeV, 
measurements are compared with the three theoretical prediction [4]. For 13 TeV, 
measurements are compared with the prediction of MG5_AMC@NLO. Good 
agreement between reconstructed data and theoretical predictions is observed up to 
four jets. The predictions generally describe the measured cross sections within the 
uncertainties. 
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Fig. 90.1 Measured cross section as a function of the jets exclusive multiplicity at 8 TeV (left) [2] 
and 13 TeV (right) [4]. In the bottom plots, cross section is measured as a function of the leading 
jet pr at 8 TeV (left) [2] and 13 TeV (right) [4] 
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Chapter 91 Mm) 
Detection of Low Mass Vector Mesons in eects 
the Muon Detector of CBM Experiment 


Ekata Nandy and Subhasis Chattopadhyay 


91.1 Introduction 


FAIR is an upcoming facility that will conduct 4 different experiments like APPA, 
CBM, NUSTAR, PANDA. Among them, CBM aims to study the exotic state of 
nuclear matter at very high net baryon density. In CBM, heavy ions will be collided 
in the energy range 4-40 AGeV. This energy region will probe the phase diagram 
of QCD matter at moderate temperature and very high net baryon density. Dimuon 
measurement is a significant part of CBM research program. As muons are weakly 
interacting particles, they will not be affected by the final state effect of strongly inter- 
acting medium produced in heavy ion collision and thus carry undistorted information 
of the fireball. Here our focus is on dimuon measurement enabled by muon detection 
system (MUCH) of the CBM experimental set up. The entire dimuon spectrum can 
be broadly divided into three regions— the low mass region (M,,+,,— < Mg), the inter- 
mediate mass region (Mg < M,+,— < My;y), and the high mass region (>My;y). 
Dimuons in the low mass range originate from the decay of LMVMs. Detection of 
such low momentum muons at a very high interaction rate in the FAIR energy range 
is highly challenging due to very high background contamination. In this article, we 
will report the feasibility of LMVMs detection via their dimuon decay channel by 
the muon detection system at CBM. 


91.2 Muon Detection Setup at CBM 


The muon chamber [1] in CBM is a conical shaped setup with detector angular 
acceptance 5.7° to 25°. MUCH is placed after magnet. Inside magnet, there is Silicon 
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Detectors 


Fig. 91.1 CBM muon detection setup 


Tracking Stations (STS) for tracking and momentum determination & after MUCH 
there is Time of Flight (TOF). MUCH consists of sliced absorbers & detectors are 
placed in between them. Detection of LMVMs at 8 AGeV require 4 absorbers & 4 
stations as shown in Fig. 91.1. 

Unlike other high energy physics experiments where single thick absorber is used 
in muon detection system, the CBM-MUCH has sliced absorber system that ensures 
detection of low momentum muons. If instead a single thick absorber is used, most 
of the low momentum tracks will stop inside the absorber. The first absorber layer is 
made of Graphite (C) of thickness 60cm & rest are made of Iron (Fe) of thicknesses 
20, 20, 30cm respectively. Three detector chambers, called station, with a inter- 
spacing of 10cm, are placed in between two absorbers. The Gas Electron Multiplier 
(GEM) is used as an active detector component in all stations in the simulation. All 
these dimensions and thicknesses are optimized to get best possible efficiency and 
S/B for LMVMs. 


91.3 Simulation for 7+ Reconstruction and Identification 


The simulation is done using CBMROOT framework with GEANT3 transport code. 
For particle generation PLUTO [2] and URQMD [3] event generators are used. 
PLUTO generates signal LMVM particles and decay them into dimuons. Whereas, 
URQMD is used for background particle generation. After transporting these par- 
ticles through CBM setup, track reconstruction is done in STS based on cellular 
automaton method and then extrapolated in MUCH using Kalman Filter technique. 
Finally these global tracks (tracks that pass through all detectors in the present setup) 
are used for selection of muon candidates using the following selection criteria: STS 
hits > 7, MUCH hits > 11 and Poe < 2.0, Xe < 1.3. Usage of these cuts 
reduces the background significantly. But for rejection of high momentum back- 
ground tracks, mainly the punched-through hadrons, a Time of Flight (TOF) mass 
cut of m? <= 0.05 GeV/c? is used. 
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Fig. 91.2. Hadronic cocktail distribution from input PLUTO (left) and after full pair reconstruction 
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Fig. 91.3. Transverse momentum (p7) distribution of p® (left). Y-pr acceptance of the same 
(middle). Signal to background (S/B) ratio (Right) 


Table 91.1 Table for efficiency and S/B for different LMVMs for latest geometries 


p° w ) n n? aw? 
Efficiency (%)| 1.03 1.01 1.53 0.56 0.23 0.37 
S/B 0.005 0.29 0.005 0.004 0.092 0.004 


91.3.1 Simulation Results and Discussions 


Simulation has been performed with all latest geometries (STS, MAGNET, MUCH, 
TOF) at 8AGeV central Au+Au collision. Figure91.2 shows the invariant mass 
distribution of hadronic cocktails including LMVMs at the generator level i.e. directly 
from PLUTO (left) and at reconstructed level (right). By combining zt and ~, we 
get invariant mass of mother particles. Reconstructed background has also been 
shown in Fig. 91.2 (right). 

Figure 91.3 (left) shows the pr-spectra of p-meson from raw PLUTO & at the 
reconstructed level. It shows that yields are reduced at the reconstructed level which 
is because of finite acceptance of detector and absorption in the absorber. Figure 91.3 
(middle) shows Y- pr coverage of the same at the reconstructed level. It shows that 
the detector coverage is in the forward rapidity. Finally Fig.91.3 (right) shows the 
S/B of hadronic cocktails as a function of dimuon invariant mass. The values of 
efficiency and S/B of hadronic cocktails tabulated in Table 91.1 which suggests that 
MUCH can detect LMVM with reasonable efficiency and S/B. 
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Chapter 92 M®) 
Type Ia Supernovae: Non-Gaussianity creek 
and Direction Dependence in Union2 

Catalogue 


Meghendra Singh, Shashikant Gupta, Amit Sharma, Satendra Sharma 
and Anshu Gupta 


92.1 Introduction 


Cosmological Principle (hereafter CP) states that the Universe is homogeneous and 
isotropic on large scales [1]. Along with the observations of Supernovae type Ia 
(hereafter SNe Ia) it led to establish that the two third of the constituents of the 
Universe is dark energy and one third is dark matter. This model of the universe 
is known as the standard model of cosmology or ACDM cosmology. After release 
of first year Wilkinson Microwave Anisotropy Probe (WMAP) data [2—4] reported 
a direction dependence in cosmic microwave background (CMB). Using extreme 
value statistics, [5—7] show that the two supernova data sets, [8] Gold data release 
in 2004 (hereafter GD04) and [9] Gold data release in 2007 (hereafter GD07), do 
show some evidence for direction dependence in SNe Ia data. [10] have also shown 
a preferred axis using the Union2 catalogue. This dependence could arise due to 
deviations from CP. However, it is also possible that CP is correct, but there may be 
issues with the quality of data. Along with the direction dependence, non-Gaussianity 
is also reported in the SNe Ia data [5, 7]. 
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In this paper our main task is to look for direction dependent systematic effects and 
non-Gaussianity in the latest SNe Ia data Union2. This paper is arranged as follows. 
In Sect. 92.2, we introduce the method we have used. In Sect. 92.3 we provide our 
results with conclusions. 


92.2 Data and Methods 


The latest SNe Ia data is accessible from [11] and is termed as Union2 data. The 
observables in the data are the redshift (z), distance modulus (jz) and positions. Below 
we discuss the methodology in brief, the detailed discussion is available in [5, 7]. First 
we calculate the bestfit parameters for ACDM cosmology using maximum likelihood 
method. If the ith observed distance modulus is ju? and the corresponding error is 
go; then, we define y; = (1? — ae . (z))/o;. Where i (z)) is calculated using bestfit 
parameters. We consider two subsets of data defined by two hemispheres labeled by 
the direction vector 7, containing Nnorn and Nsouth SNe, where the total number of 
SNe, N = Nnorth + Neouth, and define the quantity 


Noorth Neouth 


1 
AX; = —= Xi- xi]. (92.1) 
TAC ea 


Clearly (Ax,) = 0 and ((Axq)?) = |. From the Central Limit Theorem [12] it fol- 
lows that for N > 1, the quantity Ay, follows a Gaussian distribution with a zero 
mean and unit variance. As we maximize this quantity by varying the direction n 
across the sky to obtain the maximum absolute difference 


Ay = max{|Ayxal} . (92.2) 


Extreme value theory shows that the distribution of A, is described by a two param- 
eter distribution known as Gumbel distribution given by [13] 


1 A-—m A-—m 
P(A) =< exp| ; ]e| exp ( : D | (92.3) 


The A, statistic has an advantage over A,2 used in [5, 7] that the position parameter 
m and the shape parameters s can be determined analytically. If Ny is the number of 
direction over which Ay, is maximize and Ny > 1, then 


1 
m = /2log Ny —loglog Ny —log4x ss = =p (92.4) 


where we have additionally assumed that the number of SNe N > 1, since the 
distribution for y;s tends to Gaussian only in this limit. 
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92.3. Results and Conclusions 


First we obtain the bestfit parameters {2 and Ho for the Union2 data. Table 92.1 
presents a comparison of these values with the other SNe Ia data [5—7] and Planck 
results [14]. It is clear from Table 92.1 that Union2 favors slightly smaller matter 
density ({2),) and higher expansion rate (Ho). 

Now we calculate A, for the Union2 data as defined in (92.2). The numerical 
value of A, is 4.3 for Union2 data. The bootstrap and theoretical distributions are 
plotted in Fig.92.2. The A, for Union2 is more than lo away from the mode of 
bootstrap distribution indicating slight direction dependence in the data. 

The bootstrap distribution is generated by assuming that errors are Gaussian and 
hence x;s follow standard normal distribution. If we draw a sample of size N from 
standard normal distribution and calculate its maximum, this procedure is similar to 
calculation of A,. The distribution of above maxima thus should be compared to 
bootstrap distribution. It is represented as theoretical distribution in Fig. 92.2. If the 
errors in data are drawn from Gaussian distribution than the two distribution should 
match. However a specific bias in A,» and A, statics is discussed in [5—7]. There 
it has been shown that theoretical .;s are unbounded while the bootstrap x;s are 
bounded. Thus bootstrap distribution should lay slightly on the left of the theoretical 
distribution, this is shown through simulation in Fig.92.1. In contrast to the above 
expectation Fig. 92.2 shows that the bootstrap distribution match quite well with the 
theoretical distribution, indicating slight non-Gaussian features in the errors. 

In addition the analytic distribution using (92.3) with parameters defined in (92.4) 
is plotted in Fig.92.2. The shape of analytic distribution is quite different. The mis- 
match could arise if all the directions are not independent. Thus number of actually 
independent directions is less than Ng and hence actual value of m is smaller than 
calculated in (92.4). This also makes the spread larger in bootstrap and theoretical 
distributions compared to the analytic distribution. 


abe ee model Data/Mission Qu Ho 
parameters for various data - 
set are tabulated here Union2 
GD04 0.30 64.5 
GD07 0.33 63.0 


Planck 0.30 67.0 


400 


Fig. 92.1 Comparison of 
theoretical and bootstrap 
probability distributions for 
simulated data. The data 
comprises 557 SNe,whose 
positions on the sky were 
generated randomly 


Fig. 92.2 The theoretical, 
analytic and the bootstrap 
probability distributions for 
the A, statistic for Union2. 
The analytic distribution 
uses the limiting values of 
the shape and position 
parameters for the Gumbel 
distribution 
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Chapter 93 ®) 
Probing Non-holomorphic MSSM sheet 
via Precision Constraints, Dark Matter 

and LHC Data 


Utpal Chattopadhyay and Abhishek Dey 


93.1 Non-holomorphic MSSM 


The Higgs Boson @ 125 GeV requires large radiative corrections demanding heavier 
stops, or effectively a large trilinear stop mixing soft parameter. A large region 
of pMSSM parameter space associated with large tan @ is ruled out via Br(B > 
Xs +). On the other hand, in a single component dark matter (DM) setup, a well 
motivated higgsino DM of the right relic density leads to enhanced Electro-Weak Fine 
Tuning (EWFT). Moreover, (g — 2),, limits require either a light lighter chargino or 
light smuons, hardly allowed by LHC data in generic scenarios. With identical particle 
content as that of MSSM Non-holomorphic MSSM (NHSSM) can successfully cover 
these issues by including NH soft terms. 

In general, MSSM can be extended with different SUSY breaking terms that are 
classified into “soft”, “may be soft” and “hard” [1]. Choosing the middle option, the 
NH terms read as follows [2, 3] 


—L' soft D O- HGSALU + Q- HOA, D+L- HAE + pH, - Ha th.c. (93.1) 
The above trilinear soft terms modify the left-right mixing of sfermion matrices, 


(A; — jscot 3) — [A, — (u+ A) cot 2] whereas the bilinear term affects the hig- 
gsino content of the electroweakino sector. 
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Fig. 93.1 Scatter plot of m; against A; for tan 3 = 10 (left) and tan @ = 40 (right) 


Effect of NH parameters on m,, Br(B — X, + y) and Higgsino Dark Matter: 
Figure 93.1 shows the variation of m;, with A, where the scan is given over A,, A’, 
wand py’ [4]. The magenta and cyan regions correspond to NHSSM and MSSM 
respectively. We find that for low tan 3, there is a significant change (1-2 GeV) 
in m;, due to the NH parameters [4]. The effect is reduced for large tan @ since 
the contribution of Aj in the stop L-R mixing becomes small. A large value of A, 
in MSSM that is required for mp, ~ 125GeV can not accommodate the Br(B > 
X; +7) limits when tan 3 becomes large thus discarding a lot of parameter space 
[4]. Appropriate y’ and A’ in NHSSM can bring back the above parameter space 
while accommodating both the Br(B — X, + y) and the Higgs mass data. 


Electro-weak Fine Tuning and Higgsino Dark Matter: The neutral scalar potential 
of NHSSM at the tree level is identical to that of MSSM since the NH terms are not 
associated with any neutral colorless scalar. The minimization of same leads to the 
following well known results [5]. 


2 m2, — m2, tan? 2b 
i, EE i? nd a= — 5. 3.2) 
2 tan- 3 —1 my, + my + 2|u 


Terms involving SUSY breaking parameters m,, my, and SUSY preserving param- 
eter y undergo fine cancellation to obtain my, /2 where mz refers to the mass of Z- 
boson. The degree of cancellation broadly indicates a measure of EWFT and it is obvi- 


ously lowered for smaller js. Specifically, EWFT is obtained as Arora) = [> ae 


where A,, is given by A), = | tame 


, with p; = (2, b, my,,my,}{4]. Unlike 
MSSM, here we can reduce EWFT to a very low value even close to zero while 
still satisfying the lighter chargino bound via a limit on | — p/’|. In turn, this easily 
accommodates a higgsino DM (~1 TeV) with a very small EWFT. 


(g — 2),, in NHSSM: The NH trilinear parameter (A/,) can significantly affect the 


has contributions to (g — 2),,, namely ao when the latter is dominated by the 


x? — p loop. The L-R mixing, controlled by A ,tan @ can result into large a 
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Fig. 93.2 Scatter plot of mo against m;, for tan 3 = 10 


even for a small A, [4]. Figure 93.2 below identifies regions satisfying the ae 


data within lo, 20 and 3c limits, shown in blue, green and brown respectively. It 
is evident that when A, = 100GeV, a is obtained within lo for significantly 
heavier smuon masses compared to that of MSSM. Thus LHC data on sparticle 
masses can easily be accommodated even for a small tan (3. 


93.2 Conclusion 


NHSSM has unique features in accommodating various phenomenological data. It 
allows to have a higgsino DM with low electroweak fine-tuning, while accommodat- 
ing the Higgs mass data with a relatively smaller A;. Br(B — X, + 7) is respected 
even for a large tan 3, whereas the SUSY contributions to (g — 2),, can be very large 
even for a small tan @ and quite a large value of smuon masses. The framework only 
needs relevant soft terms and does not involve any more additional sparticles aside 
from MSSM. 
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Chapter 94 ®) 
Simulation of Response of Detector cro 
Materials to Muon Induced Neutrons 

for DINO Experiment 


K. K Meghna and Bedangadas Mohanty 


94.1 Introduction 


Dark matter at INO (DINO) is an upcoming dark matter experiment in the proposed 
India-based Neutrino Observatory (INO) [1]. DINO will be looking for the signa- 
ture of Weakly Interacting Massive Particles (WIMPs) using cryogenic scintillator 
detectors. WIMPs are one of the most favoured dark matter candidates. WIMPs are 
expected to have mass in the range ~ 10 GeV to a few TeV and very weak interaction 
cross section [2]. They are expected to interact via elastic scattering with the detec- 
tor material to produce nuclear recoils. This energy can be detected via phonon and 
light signals. The first phase of the experiment is expected to be done in Jaduguda 
UCIL mine. The laboratory will be located at a depth of 555m from the surface. 
This overburden will help in reducing low energy cosmic ray muon background. The 
Jaduguda rock contains 8 ppm of U and 16 ppm of Th [3]. The average density of the 
rock is about 2.9 g/cc. 

Rare event search experiments like those of dark matter need high sensitivity 
and very low background. Inorganic scintillators, CsI and Gd3Ga3Al2.0;2 (GGAG) 
have been considered as possible detector materials. The light yield of CsI(TI) is 
about 54 photons/keV and that of GGAG is about 45 photons/keV [4, 5]. The back- 
ground radiation can be either cosmogenic or radiogenic. Cosmogenic backgrounds, 
especially low energy cosmic rays will be reduced significantly in the underground 
laboratories. High energy cosmic ray muons, muon induced neutrons, natural and 
induced radio activity will act as potential sources of background. Neutrons inter- 
act with the detector in a similar way as that of WIMPs in terms of recoil signal. 
Therefore accurate estimation of neutron flux at the site is very crucial. In under- 
ground laboratories, neutrons can be generated mainly by spontaneous fission of U, 
by U/Th (a, 7) reactions with rock and in the interaction of muons with rock and 
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Table 94.1 The composition of Jaduguda rock 


Material Conc (%) Material Conc (%) 
SiO2 66.45 K20 2.61 
AlO3 18.20 TiO2 0.59 
Fe,03 0.26 P205 0.18 

FeO 4.61 MnO 0.03 

CaO 1.82 U308 0.005 
MgO 1.39 Mo 0.002 
Na2O 1.60 H,0 0.25 


shielding materials. Here we study the neutrons generated in muon interaction with 
rock. The Jaduguda rock composition, obtained from rock sample analysis, is given 
in Table 94.1. This was used for simulation. 


94.2 Description of GEANT4 Simulation and Results 


A Monte Carlo simulation code using GEANT4 [6] was used for defining detector 
geometry as well as production and propagation of particles. The reference physics 
list “Shielding” was used for defining physics processes. Secondary particle produc- 
tion cuts were set to 0.7 mm for gammas and et /e~. 

10° muons, generated according to Gaisser’s parameterization for cosmic ray 
muons at sea level [7], are propagated from random positions from a plane of dimen- 
sion (0.5m x 0.5m) (ABCD in Fig. 94.1) and neutrons coming out of the other side 
of the rock are recorded. The simulation is repeated for different rock thickness. The 
input muon energy distribution is given in the Fig. 94.2 (left). The number of neutrons 
produced in the interaction increases as the thickness increases for a particular muon 
energy. But since lower energy neutrons get absorbed in the rock volume, only a 
fraction of neutron will be transmitted through rock. The ratio of number of neutrons 
transmitted to the number of neutrons produced (Transmission ratio) is found for 
different thicknesses and is given as a function of thickness in Fig. 94.2 (right). 


Fig. 94.1 The geometry used for studying different rock thickness 
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Fig. 94.2. Energy distribution of muon in the range 0.1-10GeV obtained from Gaisser’s parame- 
terization (left). Transmission ratio of neutrons as a function of rock thickness (right) 
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Fig. 94.3. Number of recoil nuclei as a function of neutron energy for CsI (left) and GGAG (right) 


94.2.1 Response of Detector Materials to Neutrons 


In order to study the response of detector materials to neutrons, a target volume, 
which is a cube of side 1 cm made of CsI or GGAG is considered. 10° fixed energy 
neutrons with energies 1,5, 10, 15, 20 and 30 MeV incident on one face of the crystal 
cube are propagated through the target volume of the crystal. The production cut for 
secondary particles in GEANT4 was set to zero for recording low energy recoil 
nucleus. It was found that there are more interactions in GGAG compared to CsI, 
which gives more number of recoil nuclei in GGAG. The number of recoil nuclei 
reduces as the neutron energy increases for both crystals. The absorption of neutrons 
is more in GGAG because of the presence of Gadolinium. Number of recoil nuclei as 
a function of neutron energy for individual nuclei are given in Fig. 94.3. As neutron 
energy increases the number of nuclei recoiled decreases. 
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Chapter 95 ®) 
Searching the Inert Scalars Through cree 
the Dijet Plus Missing Transverse Energy 

Final States at High Luminosity LHC 


P. Poulose, Shibananda Sahoo and K. Sridhar 


It is well-known that the Standard Higgs mechanism with the observed physical 
scalar at LHC is too minimal, and the possibility of EWSB with more than one 
Higgs field is not ruled out yet. The inert version of two Higgs doublet model is one 
such possibility with one of the doublet fields not having any direct (at the level of the 
Lagrangian) interaction with the SM fermions, is a viable candidate in this direction. 
This is possible by demanding the Lagrangian is invariant under Z2 symmetry. Under 
this symmetry, one of the doublets is odd, while all other fields are even. Such an 
Inert Doublet Model (IDM) [1] has quite distinct Higgs phenomenology, compared 
to that of MSSM or the usual 2HDM scenarios. Our main aim in this article is to 
explore the additional scalars of this model via dijet plus MET at LHC. Denoting 
the SM scalar doublet as ®,, additional scalar doublet as ®2 which is odd under a 
discrete Z, symmetry, the scalar potential respecting gauge invariance same as SM 
is given by 


vt A2 
V(P,, Br) = py Oi)? + 5] G2)? + uel + 5 eel + A3|G1/?| Go|? 


: (95.1) 
to. |2 eal 2 
+ 4]; P2|- + ae D2) + H.c.t, 

One can write these scalar doublets after EWSB in the unitary gauge, 
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0 Ht 
PD, =| vin), P2 = | wtia (95.2) 
J2 V2 


where v = 246GeV is the vacuum expectation value of ®;. Apart from the SM- 
like Higgs h, this model has additional scalars i.e. a neutral scalar, H, a neutral 
pseudoscalar, A, and two charged Higgs bosons H~. Here H is the candidate of dark 
matter. We can express the masses of these physical scalars in terms of parameters 
of the potential and v as 


1 
2 2 2 2 2 
m, = A\v",~ My = by + dav ; 


1 1 
my, = p+ 5a + Aa + ds)U? = mys + 5 As + As) v, 


1 1 
m= po + 53 +4 — As)v? = mye + 5 Aa — As) vu (95.3) 


For our study we have taken {my+, ma, My, Mn, ;, Az } as our free parameter 
set. We have selected few benchmark points! which are given below considering all 
the dark matter and collider constraints. 


BP1 : my+ = 80, m4 = 75.4, my = 65, mp = 125.1, A; = 0.006, A. = 0.1 

BP2 : my+ = 150,m, = 138.6, my = 65, m;, = 125.1, 4; = 0.009, Ax = 0.1 
BP3 : my+ = 200, m,4 = 189.5, my = 65, mp, = 125.1, Ay = 0.009, Ax = 0.1 
BP4 : my+ = 300, m4 = 289.3, my = 65, mp, = 125.1, Ay = 0.009, Ax = 0.1 
BP5 : my+ = 400, my = 397.6, my = 65, m;, = 125.1, A; = 0.009, Ax = 0.1 
BP6 : my+ = 500, m4 = 494.0, my = 65, m, = 125.1, Ay = 0.009, Ax = 0.1 


The parton level cross sections are given in Table 95.1 for the processes which con- 
tribute to the dijet plus MET final states. We have used MADGRAPHS for event gen- 
eration with the IDM UFO files available in FeynRules wiki page. PYTHIA6 inside 
MADGRAPHS is being used for showering and hadronization purpose. After study- 
ing the pr (jets) of the signal, we have employed the basic cuts of pr(j1) > 80 GeV, 
and pr(j2) > 50GeV, |njers| < 5.0, and a jet separation of 0.4 < AR;,;, < 2.0, at 
the generation level, without loosing the signal events much. After this, the effective 
fiducial cross sections of the signal reduces to 1.3, 14, 16, 9.8, 4.8 and 2.5 fb, for 
the cases of BPI, BP2, BP3, BP4, BP5 and BP6, respectively. For signal, 50000 
events have been generated in all cases. The background cross sections are reduced 
to 12.94 and 0.405 pb for jj + vi and Wjj with W decaying to leptons, respectively. 
1300000 and 100000 events have been generated for these two backgrounds respec- 
tively, which provides sufficient statistics at 100fb~! luminosity. Event analysis is 
done with MADANALYSISS. These results are summarized in Table 95.1. One can 
find the detailed analysis in [3] (Table 95.2). 


1 We have taken BP’s from A. IInicka and T. Robens [2]. 
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Table 95.2 Selection criteria used to optimise the S/B ratio. Corresponding signal significances 
are quoted at a 13 TeV LHC 


> Ss Ss Ss 
ueenleyes a eee % VS+B B+(0.01x B)?+(0.1xS)? 
1 3 1 3 


Jab | /ab | /ab | /ab 


N(j) =2, N(b) =0, N() =0, MET >| 8500| BP2|) 90 | 1.05) 0.97] 1.68 | 0.72| 0.89 
260GeV, pr(j1) > 110, pr(j2) > 9075 < 
Mj < 90GeV, ARj jp < 1.8 


BP3 | 198 | 2.32 | 2.12 | 3.68 | 1.56} 1.94 
BP4 | 168 | 1.97 | 1.80 | 3.13 | 1.33} 1.65 
BPS | 120 | 1.41 | 1.29 | 2.24 | 0.95 | 1.19 
BP6| 70 | 0.82 | 0.76 | 1.31 | 0.56 | 0.70 


To conclude, we have considered the possibility to probe IDM through 2j + MET 
signal at the LHC with high luminosity. We have taken a few benchmark points 
with my+ ranging from 80 to 500GeV. We found that the best scenarios are the 
cases with m+ around 200-400 GeV, which could be explored via the final states 
considered in this report at the LHC with about 3000 fb~! integrated luminosity with 
a signal significance of about 2 for m+ = 200 GeV. The low mass scenarios with 
m y+ = 80GeV is also hard to probe via the final state considered in this analysis. 
For low mass scenarios, jets coming from the decay of inert scalars are too soft and 
also difficult to separate from the QCD background. 
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Chapter 96 M®) 
Measurement of D-Meson Production ectics 


in pp Collisions with ALICE at the LHC 


Ankita Sharma 


96.1 Introduction 


ALICE is the dedicated heavy-ion experiment at the Large Hadron Collider (LHC). 
Its main purpose is to investigate the properties of the deconfined state of strongly 
interacting matter produced in heavy-ion collisions, the Quark Gluon Plasma (QGP). 
The measurement of charm and beauty hadron production in Pb-Pb collisions is one 
of the most important goal of the ALICE physics program. Charm quarks are pro- 
duced in hard scattering in the early stages of high energy nucleus-nucleus collisions 
and, due to their long life time, they are expected to be a powerful tool to investi- 
gate nuclear effects on heavy-flavour production. The measurements of charm and 
beauty production in proton-nucleus collisions are crucial to understand the cold 
nuclear matter effects on heavy-flavour production. These measurements in proton- 
proton collisions provide a baseline to compare with the results obtained from nuclear 
collisions and gives a chance to test the validity of perturbative Quantum Chromo 
Dynamic (pQCD) based models in a new energy domain. 


96.2. D-Meson Production Cross Section 


D mesons were reconstructed in their hadronic decay channels by means of the 
invariant mass analysis [1]. The measurement of the production cross section 
of the charmed D mesons was done in pp collisons at ./s = 8TeV, where 
D-mesons and their charge conjugates; D9(—> K~+n+), Dt(> K~+n++4n"), and 
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Fig. 96.1 pr-differential cross sections for D* and D** in pp collisons at ./s = 8 TeV compared 
with FONLL theoretical predictions. Bottom: the ratio of the measured cross section and the central 
FONLL calculations 
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Fig. 96.2 Ratio of pr-differential cross sections for Dt and D** at ./s = 7 and 8 TeV 


D*+(— D°+n+), were reconstructed in the transverse momentum range | < pr 
< 24GeV/c, covering the rapidity interval | y| < 0.5. Figure 96.1 shows the prompt 
D-meson differential cross sections as a function of transverse momentum. The mea- 
surements are compared with the FONLL calculations [2]. It can be noted that, while 
fully compatible, FONLL predictions are on average lower than the measured cross 
sections. Therefore, FONLL tends to underestimate the charm production in pp at 
a/s = 8 TeV, as was already noted at lower energies [1]. 

These measurements were also compared with the same measurements at ./s = 
7TeV shown in Fig.96.2. From these figures it is clear that within the statistical 
fluctuations the 8 and 7 TeV results are compatible, also the ratio of the cross sections 
at the two energies is compatible with FONLL. 
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96.3. D-Meson Yield as a Function of Charged Particle 
Multiplicity 


The measurement of heavy-flavour production in pp collisions as a function of the 
charged-particle multiplicity could provide an insight into the processes occurring 
in the collision at the partonic level and the interplay between the hard and soft 
mechanisms in particle production. The analysis results are presented as a function of 
the relative charged-particle multiplicity at central rapidity measured in pp collisions 
at ./s = 7TeV with at least one charged particle in |n| < 1.0. Figure96.3 shows 
the relative yields of the D°, D+ and D** as a function of the relative charged- 
particle multiplicity in various py bins [3]. The charm hadron yield increases with 
the charged particle multiplicity at central rapidity with a faster than linear increase at 
large multiplicities. The enhancement is qualitatively described by models including 
multi-parton interactions, like PYTHIA [4], EPOS [5] and the percolation model [6]. 
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Fig. 96.3. Average D-meson relative yields as a function of the relative charged-particle multiplicity 
at central rapidity in different py intervals [3] 
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Chapter 97 ®) 
Event-by-Event Charge Separation in creche 
Au+dAu Collisions at ./syyv = 200GeV 

with the STAR Detector at RHIC 


Anjali Attri 


97.1 Introduction 


The relativistic heavy-ion collisions provide a unique environment to investigate 
the particle interactions at very high temperature and extremely energy density. The 
distinguished features related to a non-central heavy-ion collision are the large orbital 
angular momentum and a very strong magnetic field (B ~ 10'° T) produced by fast 
moving ions. The interaction of the magnetic field and the deconfined state created 
in these collisions might result in the phenomena of Chiral Magnetic Effect (CME) 
[1-3]. The CME is expected to cause the separation of positively and negatively 
charged particles along the axis of the magnetic field and perpendicular to the reaction 
plane. 

The multi-particle correlator (cos(¢, + ¢g — 2Wep)) has been proposed by 
Voloshin [4] for the measurement of this effect, where 6,, @g denote the azimuthal 
angles of the particles a, 6 and Wgp is the reaction plane angle. Since the reaction 
plane angle can not be determined experimentally, one can use the three-particle 
correlator (cos(@, + d) — 2¢-)), here dg, dp and ¢, are the azimuthal directions of 
particles a, b and c, respectively. 


97.2 Sliding Dumbbell Method 


The STAR experiment at RHIC and the ALICE experiment at LHC have made efforts 
to investigate the charge separation by measuring the three particle correlator [5]. We 
have studied the event-by-event charge separation using Sliding Dumbbell Method 
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(SDM) similar to the Sliding Window Method [6] used for the study of neutral- 
charged fluctuations in Pb+Pb collisions at 158 AGeV at SPS [7]. In this method we 
evaluate the quantity Db,_, which is defined as: 


NE NR 
= L L a3 R Ry) * 
(Ne +N) ANE NE) 


Db, (97.1) 


N i" and NE are the numbers of positively and negatively charged particles on the 
left side of the dumbbell respectively. N 2 and N¥ are the numbers of positively and 
negatively charged particles on the right side of the dumbbell respectively. 

The whole azimuthal plane is scanned by sliding the A¢ =90° dumbbell in the 
steps of 6@ =1° and calculating the quantity Db;_ for each A@ region to extract the 
maximum value of Db;_ in each event. Db;_ has also been obtained in each event, 
for the dumbbell placed in the azimuthal plane at randomly chosen @. 


97.3 Analysis Details 


The data used in this analysis were recorded in the 2004 RHIC run. The data set con- 
tains about one million minimum-bias-trigger events. The TPC tracks in the pseudo- 
rapidity region |n| < 1.0 and transverse momentum range 0.15 < pr < 2.0GeV/c 
are used. Standard STAR track quality cuts, Nyjizs > 14 and Nuitsrit/ Nuits Poss > 
0.52 have been applied. 


97.4 Results and Discussions 


The quantity Db;_, has been evaluated for azimuthal dumbbells of different sizes 
using the Sliding Dumbbell Method and random dumbbell method. Figure 97.1 shows 
the Db;_ distributions for 30-80% central events obtained using SDM and random 
method for the 90° dumbbell. The dotted curve is for random method and solid curve 
is for SDM. The Db,_ distribution for the random method peaks at ~ 1 whereas, for 
the SDM it is seen to be shifted towards 2. This shift indicates that the SDM indeed 
quantifies the maximal charge separation in an event. 

Analyzing the tail events of Db,_ distribution obtained using SDM, some inter- 
esting events showing back to back charge separation are found. Figure 97.2 shows 
the scatter plots (x = 200 * sin@ cos ¢, y = 200 « sin @ sin @) of the hit distribution 
of positively and negatively charged particles in the azimuthal plane for four such 
events. Here, hits of positively charged particles are indicated by red circles and 
those of negatively charged particles are indicated by blue triangles. The arcs drawn 
opposite to each other are to make the charge separation to be clearly visible. It is 
observed in Fig. 97.2 that red circles (positive particles) are more in number as com- 
pared to the blue triangles (negative particles) in one arc and vice-versa. Note the 
results reported here are from only | million events. More analysis with full statistics 
are underway. 
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Fig. 97.1 Db,_ distributions obtained for random dumbbell (dotted lines) and sliding dumbbell 
(solid lines) in the 30-80 % centrality intervals 
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Chapter 98 ®) 
The INO-ICAL Sensitivity for the cro 
Separate Measurement of 
Neutrinos/Anti-neutrinos Parameters 


Daljeet Kaur, Zubair Ahmad Dar, Sanjeev Kumar and Md. Naimuddin 


98.1 Introduction 


The India-based Neutrino Observatory (INO)[1], an approved project, is a neutrino 
experiment to study the atmospheric neutrino properties with a Magnetized Iron 
Calorimeter (ICAL) detector. Atmospheric v,, or ,, on interaction with the iron target 
produces muons and hadrons through a Charge-Current (CC) interaction process. The 
ICAL has a distinguished feature of charge identification through an applied magnetic 
field of strength 1 Tesla which will help to distinguish between atmospheric neutrinos 
and anti-neutrinos. The energies and direction of these interacting v,, or ,, can be 
determined from the reconstructed energies and direction of muons and hadrons. 
This paper presents the ability of ICAL detector to measure oscillation parameters 
separately from v and v events. We will also show for the first time the ICAL potential 
to find out any difference in the atmospheric mass square differences described for 
neutrino and anti-neutrino i.e. |Am3,| — |Am?,|. 


98.2 Analysis Procedure 


The atmospheric neutrino oscillation parameters can be extracted by a y? analysis. 
In the present analysis, we use the same data set and procedure as mentioned in 
[2]. Here, all the events with detector resolutions and efficiencies are binned into 
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Fig. 98.1 ICAL sensitivity in Am, and sin? (023) plane at 30 confidence level (Left) and corre- 
sponding precision table (Right) 


neutrino energy, muon energy and muon direction with optimized bin width. The 
above mentioned procedure is followed for both v,, and v,, events separately. A 
“pulled” \7 has been calculated using systematic uncertainties as outlined in [2]. A 
separate measurement of ea (v,,) and \ (v,,) has been obtained and then these two 
are added to get total ae , for the combined results. 

In this paper, the neutrino and anti-neutrino oscillations are considered inde- 
pendently over a two dimensional oscillation space such that they have identical 
oscillation parameters (|Am%,| = | Am, |=2.4 x 1073, sin? 023 = sin? 63 =0.5). We 
kept other oscillation parameters fixed at dc p= 0 degree, sin? (9)3)= 0.03, Am}, =7.6 
x 10-> and sin?(24)2) = 0.86 as they do not show any impact on the analysis 
results. The ye (or x2) is then minimized with respect to (\Am%,|, sin? 03) (or 
(|Am3,|, sin’ 653)) and the five nuisance parameters. 

Figure 98.1 shows the resulting contours plots at 30 confidence level obtained for 
the (\Am3,], sin” 632) or (|Am3,|, sin? 63) planes. These results are also compared 
with combined results of neutrino and anti-neutrinos events. 


98.2.1 Variation in True Values 


We performed analysis in which we allow v,, and vy, to have different mass square 
differences i.e. true values of |Am3,| 4 | Am3,| and rest all the oscillation parameters 
are same. A y~ is minimized for the observed |Am?,|=|Am3,| and a y? plot as a 
function of difference of the true values (|Am%,| _ |Am3,|) have been obtained as 
shown in Fig. 98.2a. 

In Fig. 98.2a, X-axis corresponds to the difference of the true values (|Am},| — 
|Am3,|) while Y-axis corresponds to the \7 values only for those events, where 
|Am3,|=|Am3,|. For a particular (|Am%,| a |Aim,|)rrues there may have several 
x? values which indicates the points where |Am3,|=|Am3,|. These values repre- 
sent the null hypothesis ( |Am%,|=|Am3,|) while the lowest x7 value for a specific 
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difference shows the ICAL sensitivity for that particular difference. It is clear for- 
m the Fig. 98.2a that ae = 37. Finally, the ICAL sensitivity for the differences of 
(| Am},| = |Am3, )rrue at different confidence interval has been shown in Fig. 98.2b. 


98.3 Results and Conclusion 


Assuming identical oscillation parameters, the ICAL can measure the atmospheric 
neutrino parameters with a better precision as compared to anti-neutrino oscillation 
parameters as shown in Fig.98.1(Right). As expected, the combined v,,+v,, events 
show a better sensitivity with a precision of 8.7% for |Am},| and 25.0% for sin? 63 
due to larger events in x7. As shown in the Fig.98.2b, we conclude that ICAL 
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discovery potential for the non-zero |Am3,| — |Am2,| is more than 3a level if the 
difference of true values of |Am3,| = |Am3,| >= +0.35 or |Am?,| a |Am3,| <= 
—0.35. 
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Chapter 99 Mm) 
CP Sensitive Observable Exploring Tau cro 
Lepton Pairs from Higgs at the LHC 


Partha Konar, Pankaj Sharma and Abhaya Kumar Swain 


99.1 Introduction 


Enormous effort has been poured into studying the different properties of Higgs 
boson, after its recent discovery. Any deviation in the measured properties of the Higgs 
from the Standard Model (SM) value can indicate the existence of the physics beyond 
(BSM). The current LHC data still allows significant deviation from the SM predic- 
tions in terms of the couplings and mass of the Higgs, which gives enough freedom 
to study many new physics scenarios in this sector. In this direction, scrutinising the 
Higgs coupling to the third generation fermions is very important because of the large 
Yukawa coupling. One property is the CP in Higgs sector which can shed light on the 
CP violation (CPV). It is one of the three Sakharov’s conditions which plays crucial 
role in explaining the observed baryon asymmetry of the universe. Experimentally it 
was first observed in K and B mesons systems and studied extensively. The SM has 
the CPV information in the Cabibbo—Kobayashi—Maskawa mixing matrix in terms of 
phase but it is not sufficient to explain the observed baryon asymmetry. The SM Hig- 
gs sector is CP conserving as the couplings of Higgs to all SM particles are CP even 
but some BSM, like two-Higgs doublet and minimal supersymmetric standard model 
contains additional bosons which leads to CP odd couplings. 

Although the current study excludes a pure pseudoscalar boson with 95% CL [1], 
the CP admixture of both scalar and pseudoscalar component is still allowed. Thus, 
it is very essential to determine the CP composition of the Higgs which in a way 
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Fig. 99.1 The distrbution of the cos 03 with two values of the CP phase a = 0, 7/2 are shown. We 
also have constructed their asymmetry and shown in the right plot 


tells the CPV couplings to other SM particles. In this analysis, we investigate the 
CP violating coupling of Higgs in the leptonic sector mainly the tau lepton pair 
production from the Higgs owing to its relatively larger Yukawa coupling. The tau 
lepton further decays hadronically leading to two invisible neutrinos in the final 
state. Although our analysis is applicable to all hadronic decay channels of the tau, 
we take two charged pions and two neutrinos in the final state as an example. There 
are several studies in the literature which focus on the measuring CPV nature of 7 
Yukawa coupling at the LHC [2-7]. We construct observable based on the CP and 
T transformation properties which are momentum correlations of the visible decay 
products and tau momenta. 


99.2 CP Sensitive Observable 


In this analysis, we consider Higgs to be a CP admixture, does not have defi- 
nite CP transformation. The Yukawa term for this Higgs boson is, £ > —m,7TT — 
5H T(cosa + iyssina)T. Where 7 and H are the physical fields, respectively. 
With y, is the 7— Yukawa coupling and a is the degree of the mixing of the scalar 
and pseudoscalar component of the Higgs boson. For the SM, a is zero; a = 7/2 
corresponds to pure psedoscalar and, a = 7/4 is for maximally CP violating case. 
In this study, we choose the y, to its SM value, and vary a to realise the effect of 
this in the expectation value of the CP observable. We define the CP observable as 
shown in the Table 99.1 with the ZMF corresponds to the Higgs rest frame and prime 
frame refers to a frame where part of the momenta are in the Higgs rest frame and 
other part is in tau rest frame which are presented in h and 7 superscript, respectively. 
The distribution of cos 63 = P. O are shown in the Fig.99.1 with P and Q are the 
first and second terms in the vector triple product of each observable. We also define 
asymmetries corresponding to each observables and details of which can be found 
in the [7]. The asymmetry for this observable is as large as 35% and with 300 fb~! 
integrated luminosity of the LHC data we can constrain the CP phase up to 15°. 
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Table 99.1 CP sensitive Observables 


Z Frame 
variable for 
h—>ttr > atari at O1 = (Pr — Pr+).(Pa~ X Prt) AME 
the LHC and have the definite Oy = (p,- —p;+)".(p,;- X prt)” | Prime 
CP and time reversal O3 = (p,;- — Prt)”-(Dz- X P+)" | Prime 
transformation. Frames are = = h - : 
described in text 04 Oy Pat) (Da= Bet) | Prime 


99.3. Results and Conclusion 


The study of CP violation is essential in understanding the observed baryon asym- 
metry of the universe. Higgs decays abundantly to tau leptons, because of the large 
Yukawa coupling, gives opportunities to study CP properties in this channel at the 
present run of LHC. We construct CP sensitive triple product momentum correlations 
using visible and tau momenta and also studied their asymmetries. We found that the 
asymmetries can be as large as 35%. The reconstruction efficiency of T~ pair events 
and statistical sensitivity is also taken into account in studying the asymmetries. We 
found that the CP phase can be constrained to 15° at the LHC with 300 fb~! of 
integrated luminosity. 
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Chapter 100 
Sensitivities of INO-ICAL to 2-3 


Oscillation Parameters by the Extension 
of Observed Muon Energy Range and by 


Constraining the v,, — v, Flux Ratio 


Lakshmi S. Mohan and D. Indumathi 


100.1 Introduction 


® 


Check for 
updates 


In this study we show how the extension of the observed energy range of the final 
state muon in a charged current (CC) v, or v, interaction to 0.5—-25 GeV and the 
addition of a new systematic pull in the form of a constraint on the v, — v, flux 
ratio improves the sensitivity to 2-3 oscillation parameters of a 50kTon magnetised 


atmospheric neutrino detector [1], ICAL [2] at INO. 


100.2 x? Analysis 


The details of true parameters and their 30 ranges used to generate events, how the 
3-flavour oscillations in matter are applied, the application of detector smearing and 
resolutions and the binning of events in several observed bins are explained in detail 
in [1]. Here a new systematic uncertainty in the form of v,, — v,, flux ratio is included. 


Then, x7 for ICAL is: 
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(100.1) 


where i, j,k are the muon energy, direction and hadron energy indices, and the 
number of theory events in each bin, with systematic errors, are given by: 77, 


ij(k) — 


o+ pot 
Ti i) (1 + Soe mi aft J + E mobs); 7; ij(k) being the number of events without sys- 


tematic errors and D7; je) the number of “data” events per bin. All the previous anal- 


yses by the ICAL collaboration [3] have used only 10 pulls &/~, corresponding to the 
same five systematic uncertainties, 1] = 1,...,5, corresponding to v and v contribu- 
tions, where z,..., 5 are 20, 10,5, 5 and 5% for flux normalisation, cross-section, 
tilt, zenith angle and overall normalisation respectively. The 11th pull is denoted by 
&« and is defined such that it accounts for the uncertainty in the flux ratio: 


Nt Tot (1 + Moe) TO+ 
N- T™ (1-268) T° 


(1 + 276&6) . (100.2) 


Here 276 corresponds to the lo error kes & = 1); pence the lo Pala’ oe the ratio 
is 5%. A prior of 8% at lo is added to sin? 203 so that a= = Vii + poe 


100.3 Results 


From Fig. 100.1a, b it can be seen that the extension of energy range improves the 
precision on both sin? 623 and | Am3,| compared to 1-11 GeV; the addition of the 11th 
pull improves that on sin? 63, leaving that on |Am?, | unaltered. This is because, a 
deviation in the value of sin” 03 from the true (input) value changes the number of v 
and v events in opposite directions - these are now constrained by the | 1th pull on the 
flux ratio and hence the inclusion of this pull tightens the limits on sin” 673. The best 
relative lo precisions on sin? 23 and |Am?,| are 8.9% (9.25%) and 2.57% (2.48%) 
respectively for NH (IH). The hierarchy sensitivity improves with the extension of 
energy range, but remains the same when the 11th pull is applied when NH is the 
true hierarchy as shown in Fig. 100.2a. If IH is the true hierarchy, addition of the 
11th pull and extension of Bes both increase the hierarchy sensitivity as shown 
Fig. 100.2b. The best mass hierarchy sensitivity for 500 kTon year exposure of ICAL 
is rer H-ICAL = 8-5 (9.82) for true NH (1H). More details of the analysis presented 
here are available in [1]. 
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Chapter 101 ®) 
Diphoton Emission from Equilibrium rie 
Quark-Gluon Plasma 


S. Somorendro Singh 


101.1 Introduction 


Many theorists and experimentalists try to specify the nature of QCD feature through 
the lattice calculation and the present ongoing experiments of heavy-ion physics. 
The idea enhances the attraction of more scientists towards the study of heavy-ion 
experiments carried out around the globe. So there are a number of ultra-relativistic 
research like heavy-ion collision at BNL and large hadron collider at CERN. Now 
these experiments have come out as a basic platform in the study of QGP. Besides 
these, there are experiments like NICA at Dubna and FAIR at Darmtart. These exper- 
iments are specially focused on compress baryon matter. It is already predicted that 
the existence of matter is for a few microseconds after the big-bang and this short 
period of existence has made the system a difficult task in the detection of strongly 
interacting matter. 

Indirect possibilities are now considered as a signal for the detection of this matter 
through strangeness enhancement [1], J/~ suppression [2] and radiation of dileptons 
and photons [3, 4] etc. One indirect probes of dileptons and diphotons are assumed to 
be the best signal for the formation of QGP and their production is involved through 
the electromagnetic interaction. In this short paper we consider the quark mass as 
a finite value and it removes the infrared (IR) divergence produced in the diphoton 
productions [5]. We use it as effective mass generated due to thermal interactions of 
quarks and anti-quarks and quarks and gluons. It is defined as [6]: 


2(T, p) Ne = 1 2G 2 ) (101.1) 
m(T, p) = ——— : 
ai? BN, Pp 
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Its value gives the minimum finite value on the basis of critical temperature. 
G?(p) = 4ra;(p)[1 + a known as the QCD strong coupling factor where, 
as which depend on the momentum cut off [7]. a; is one loop correction factor 
chosen on the number of quark degrees of freedom. We focus to study the dipho- 
ton radiations at the different temperatures for the quark flavor 3. So we extend to 
calculate photon production at transition T = 0.17GeV to hot phase of tempera- 
ture T = 0.35 (0.40) GeV considering one loop correction factor in the stable QGP 
droplet formation. Then we show the results of diphoton production with these cor- 
rection in the coupling. 

We organize the paper as: In Sect. 101.2, we present the diphoton production. In 
Sect. 101.3, we show the results and conclusion. 


101.2 Diphoton Production from QGP 


Diphoton production from high energy collision of QGP has become very interesting 
theoretical problem since many years. It was a little understood as the system was just 
before the process of thermalization. Now the system is considered as a thermalized 
state after big-bang process and the system takes a longer time compared to time 
scale associated with the diphoton productions. On these factors, there are a number 
of theoretical research works for productions of photon from quark-gluon plasma. 
Most works are considered as quark antiquark annihilation process and Compton 
process. The one loop calculation of compton process plus annihilation is given as 
by the q(q)9 > q(q)7 and qq > 97. 

Then the formulation of diphoton production with one loop order of Compton 
plus annihilation is given by the expression [8, 9] 
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where Cr = 1.415. 


101.3 Results and Discussion 


In the results it presents numerical results for diphoton production from high energy 
collision of quark-gluon plasma through Compton and annihilation process at finite 
temperature with the loop correction factor in the coupling value. Diphoton emission 
is performed with a suitable choice of quark flavors n¢ = 3. 

In Fig. 101.l1a we show diphoton emission rate at the different initial temper- 
atures with the change of transverse momentum. We plot the figure of the pro- 
duction rate with the transverse momentum and photon energy at temperatures 
0.17 < T < 0.35GeV. The emission rates are found to be increasing with temper- 
ature of the QGP fireball. The increase in the emission rate is highly effected by 
temperature of the system, and it seems to be large near creation of quark matter, that 
is considered to exist at very hot temperature. So as we keep on increasing the tem- 
perature the production of diphoton is increasing at the lower transverse momentum 
and suppression is obtained at the higher transverse momentum. 

In Fig. 101.1b we again show diphoton production of Compton with annihilation 
process with photon energy. The figure shows the production rate at different tem- 
peratures and showed for the spectra with changed in photon energy. At the larger 
finite temperature T = 0.35 GeV the result showed a significant production and at the 
lower temperature T = 0.17 GeV the results are highly reduced. So we summarize 
that total diphoton spectra with the model of quark mass through this one loop cor- 
rection in the coupling value has a sizable production rate of diphoton in this process. 
Lastly it indicates that the model gives significant contributions in the production of 
diphoton spectra. This implies that the consideration of one loop correction in the 
coupling value has important role in the photon measurements of the high energy 
heavy ion collisions. 
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CONIDU 


Chapter 102 ®) 
Vacuum Stability with Leptoquark eae 


Rusa Mandal 


102.1 Introduction 


Leptoquark, a proposed particle, can decay to a lepton and a quark at tree level has 
drawn attention because of explaining various lepton non universal anomalies seen 
in rare B meson decays [1]. In this note we consider an extension of the standard 
model (SM) with a scalar leptoquark having (3, 1, —1/3) charge under SM gauge 
group SU(3)c x SU(2); x U(1)y and briefly discuss the effect of the leptoquark 
at electroweak (EW) vacuum stability, Higgs mass hierarchy and refer the reader to 
[2] for detailed description. Introduction of the leptoquark adds additional terms in 
SM Lagrangian which is given by, 


Ly=(Dio)' D'd — mElOl’— gral OPIS? + OY timaLO* + WY “erg  +hc. 

(102.1) 
Here ®, Q and L are the usual SM Higgs, quark and lepton SU (2); doublet and u& 
and ep are the right-handed singlet up type quark and charged lepton, respectively. 
General Y* and Y* matrices with off-diagonal terms lead to lepton-quark flavor as 
well as generation violating couplings. The off diagonal couplings and first generation 
diagonal couplings are strongly constrained by various rare meson decay modes [4] 
and hence for most of our analysis, we will assume them to be vanishing as our results 
are unaffected by their small values. We introduce a notation for diagonal terms in 
Y‘ and Y ® matrices after performing the rotations for moving to mass basis as, 


Pur pai (Vay a day alae) (102.2) 
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102.2 Stability Analysis 


In this section we discuss the stability of EW vacuum where at large Higgs field (h) 
values, the RG improved effective scalar potential can be approximated as V°" ~ 


ACh, pW) / 8h*, where the one-loop expression for effective Higgs-self coupling \°# 
is given by, 


zs 1 : 2P' (UW) 2 
rN Ch, uw) Aro G0 eee »~ Nik; (u) [neo = <,| 


2 2 
87 i=W,Z,h,G,t et 
1 3976) [, gno(werr Mh? 3 
Tho H) | Snowe” Nhe - (102.3) 
8722 2? 2 


The detailed expression for each term is described in [2]. We note that the first line of 
(102.3) depicts contributions from the SM particles and the terms in second line arise 
due to the presence of the leptoquark. Depending upon the running of \°", the EW 
vacuum can be categorized in three different regions; stable, metastable and unstable 
vacuum and the results are shown in Fig. 102.1. We use two loop beta functions for the 
running of all couplings present in the theory. The EW vacuum remains (meta)stable 
up to the Planck scale for gng(Mz) > 0.3. 


Instability 


log49(u/GeV) 


Stability 


0.00 0.05 0.10 0.145 0.20 0.25 0.30 
Qng(Mz) 


Fig. 102.1 The stability, metastability [3] and instability regions for EW vacuum are shown as a 
function leptoquark-Higgs coupling constant g;,¢ value at the EW scale. The light brown region 
(stability) below the brown solid curve assures the effective Higgs self-coupling A“ (j:) > 0. The 
yellow region (metastability) denotes \° (1) > Toorse yp and the gray region (instability) cor- 
responds to A°#(y1) < are" The dashed lines show the uncertainty due to top quark mass 
M, = 173.3 + 0.87 GeV in the corresponding cases. The plot is obtained for as = 0.1185 and NP 
coupling Ve ® = 0.4. For Jno > 9.3 the vacuum is (meta)stable up to the Planck scale 
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9ng(Mz) 


log ,(u/GeV) 


Fig. 102.2. The allowed region in gn — log;y(\t/GeV) plane for different values of the fine-tune 
parameter ‘1/f’. The pink, blue and yellow regions denote no fine-tuning, up to 10% fine-tuning 
and up to 100% fine-tuning required for the model to remain valid up to the corresponding cut-off 
scale, respectively. The gray shaded region is excluded for perturbativity of the leptoquark-Higgs 
coupling gj,¢ and Higgs self-coupling \. The plot is obtained for Y,; = 0.5 and Y35 = 0.5 values 
at the EW scale 


102.3 Fine-Tuning 


The Higgs mass receives quadratically divergent contributions proportional to the 
cut-off scale (A) of the theory. The leptoquark modifies the Higgs mass correction 
at one-loop via the leptoquark-Higgs coupling gy¢ as, 


2 


A 9 3 
M? = —— —o ag? aby 102.4 
5M, as (344 30 +79 6y; + 3gn¢ |. (102.4) 


where A, 93, g, g’ and y, are SM Higgs self-coupling, three SM renormalized gauge 
couplings and top quark Yukawa coupling constant, respectively. 

Defining a fine-tune parameter 1/f = |5M?|/M;, in Fig. 102.2 we highlight var- 
ious different regions in gg — log;y(\’/GeV) plane allowed by the corresponding 
fine tuning in this leptoquark model. It can be seen that even with ~ 100% fine-tuning 
the validity scale of the theory remains within ~10° GeV. 


102.4 Summary 


e The leptoquark is motivated to explain some anomalies in rare B decays and muon 
g—2. 
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e EW vacuum stability is improved with the leptoquark-Higgs coupling. 
e For the model to remain valid up to the Planck scale, the combined bound on the 


parameter space from perturbativity and vacuum stability is obtained as 
0.3 < gng(Mz) < 0.65 and Y,""(Mz) < 0.65; i € {2, 3}. 


Hierarchy problem is addressed however regions > 10° GeV is not accessible by 
huge fine tuning. 

Interesting phenomenology due to lepton-quark tree level coupling— 

For a TeV mass leptoquark, with gay = 0.5 and Y,;"" = 0.5, branching fraction 
to the first two quark-lepton generations (ue or c 4) is ~25% and to the third 
generation (t7) is ~23%. 

Possibility to extend further to answer other unsolved questions of the SM. 


Acknowledgements We thank P. Bandyopadhyay for collaborating in this work and the organizers 
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our work in the conference. 
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Chapter 103 Mm) 
Search for Z’ Resonances Decaying to cro 
Tau Pairs in pp Collisions Using CMS 

Detector at the LHC 


Amandeep Kaur Kalsi, J. B. Singh and Vipin Bhatnagar 


103.1 Introduction 


The Standard Model (SM) of particle physics has been explored successfully by 
various experimental observations at the LHC. But still, it is not the complete theory 
of nature. Many models have been proposed to explain physics beyond the SM 
which predict the existence of new heavy gauge bosons W’ and Z’ by including 
an additional U(1) group to the SM gauge group [1]. The universality of couplings 
is not necessary for these new gauge bosons. There exist models that incorporate 
generation-dependent couplings which results in Z’ bosons preferentially decaying 
to the third generational fermions. Such models motivate a search for Z’ resonances 
that decay to a pair of t leptons such as topcolor-assisted technicolor (TAT) models 
[2-4]. A widely used benchmark model in searches for Z’ bosons is the sequential 
standard model (SSM), which predicts a neutral spin-1 Z’ boson (Z%,,,) with the 
same couplings to quarks and leptons as that of the SM Z boson. Z(,,, decaying 
to a pair of electrons and muons have been excluded below 3.4 [5] and 3.2 [6] TeV 
respectively while the exclusion limit is 2.0 TeV in tau lepton pair final state [7-9]. In 
this paper, searches for Z’ resonance decaying to tau pairs in SSM and TAT models 
have been presented on a data sample of pp collisions corresponding to an integrated 
luminosity of 2.2 fb~! at ./s = 13 TeV recorded with the CMS detector [10] at the 
LHC. 
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103.2 Analysis Strategy 


The analysis has been performed in four final states: tT, Tp, TeTn, T, Tr aNd TeT,, depend- 
ing upon the hadronic or leptonic decay of tau leptons. The signal events consist 
of high pr, well-reconstructed and isolated t leptons. The muons (electrons) are 
required to have pr > 30 (35)GeV and 1;,’s are required to have pr > 20 and 
60 GeV in tT, (J =e, 2) and t;, 7), final states. Both t; and t;,, candidates are required 
to have |n| < 2.1. The tt pairs are required to be oppositely charged and should 
be back-to-back in @ i.e. cosA¢(T1, T2) < —0.95. The events are required to have 
missing transverse energy E7"** > 30GeV. The CDF-¢ variable [11] defined as 


¢ = pr —3.1- pp" is required to be greater than —50GeV. Here, p?'* = (pit 


id 
Pe). € and pe = (P+ PF + pm’) -& represents two projection variables 


obtained using the visible decay products of tau leptons and pe **\ and é is a unit 
vector along the bisector between pr directions of the two t leptons. The contribution 
of events having b-tagged jets is rejected. The mass reconstructed from the energies 


and momenta of visible tau decay products and E#""*’, defined as m(t1, 2, po y= 


{Eq + Ey, + Em’)? — (Br, + Py + pe”)? is used to distinguish the signal 
from background processes. Broad enhancement in m(T, 72, Be distribution 
is an indication for the signal region, consistent with physics beyond the SM. The 
background contributions in the signal region has been estimated using data-driven 


control regions, wherever possible. 


103.3 Results 


The m(t, t2, P 7°’) distribution in four final states is used as a discriminating vari- 


able. The observed mass spectra do not reveal evidence for new particles decaying 
to TT pairs as shown in Fig. 103.1(left) [12]. Therefore, the upper limits have been 
placed at 95% confidence level (CL) on the product of the signal cross section and the 
branching fraction as a function of Z’ mass using modified frequentist approach for 
a Z' decaying to tt pairs. Figure 103.1(right) [12] represents the combined observed 
and expected limits including the theoretical predictions from SSM and TAT mod- 
els. Z,5,, and Z/,,, have been excluded having masses less than 2.1 TeV (1.9TeV 
expected) and 1.7TeV (1.5 TeV expected) respectively, at 95% CL combining the 
four final states [12]. These exclusion limits on Z§.,, at ./s = 13 TeV have already 
extended the previous limits [7—9] in tau pairs final state. The exclusion limit obtained 
on Z' resonances in TAT model is the most stringent limit to date. 
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103.1 Observed m(t1, T2, Fae distribution in t,, Ty final state (left). The dashed blue line 


shows the distribution expected for a Z(.,, with mass 1.5TeV. The lower panel represents the 
ratio of the observed events to the total predicted background. The shaded bands show the total 
uncertainty in the background prediction. The observed 95% CL upper limits on the product of the 
cross section and branching fraction into t lepton pairs as a function of Z’ mass, for the combined 
four channels are shown in right plot [12]. The expected and observed limits are shown with dashed 
and solid black lines. The red and blue curves represent the predictions of the NLO theory cross 
sections in SSM and TAT models, respectively 
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Chapter 104 M®) 
Bounds on Neutrino Decay Lifetime a 
with ICAL Detector 


Chandan Gupta, Sandhya Choubey, Srubabati Goswami, 
S. M. Lakshmi and Tarak Thakore 


104.1 Introduction 


Neutrino oscillation experiments have confirmed neutrinos are massive. However 
in literature the possibility of the mass states being unstable have been discussed 
[1, 2]. India based Neutrino Observatory (INO) is a proposed experiment with a 
50kton magnetized Iron CALorimeter (ICAL) for observing atmospheric neutrinos. 
Besides having excellent potential to settle the mass hierarchy problem and precision 
studies, it is also helpful in studying non-standard physics [3]. Here we have inves- 
tigated the capability of the ICAL detector for probing neutrino decay along with 
oscillations. We assume normal hierarchy (NH) to be the true hierarchy in nature and 
the highest neutrino mass eigenstate (v3) to decay invisibly [4]. 

In our analysis, we have studied the charge current (CC) interactions of v,, and 
vy, with the target material iron in ICAL. As atmospheric neutrino flux comprises of 
both 1.(%) and v,,(V,,), the final signal will get contribution from both vy, > v,, and 
V,, > V,. Figure 104.1 shows how these oscillation probabilities get modified in the 
presence of decay. 
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Fig. 104.1 P,,,, (Left) and P,,, (Right) in matter with different values of decay parameter a3 (eV?) 
for the baseline L = 9700 km with NH as the true hierarchy. [a3 = 0 corresponds no decay] 


104.2 Results 


The a3 sensitivity of ICAL with 500kton year exposure has been studied assuming 
normal hierarchy (NH) to be the true hierarchy. Data is simulated for oscillation 
only, which is fitted with a theory having both oscillation and decay. The analysis 
procedure is discussed in [5, 6]. Figure 104.2 shows that CC interaction analysis 
of ICAL puts an upper bound on a3 < 4.36 x 107° eV? at 90% CL (marginalized 
case), which is two orders of magnitude improvement over MINOS (charge + neutral 
current analysis) bound [4]. 
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Table 104.1 True parameter values and their marginalized ranges 


Parameter True value Marginalization range 
013 8.5° [7.80°, 9.11°] 
sin? 023 0.5 [0.39, 0.64] 
Am3, 2.3663 x 1073 eV? [2.3, 2.6]x 1073 eV? (NH) 
sin, 0.304 Not marginalised 
Am}, 7.6 x 1075 eV? Not marginalised 
OcP 0° Not marginalised 
0.5-25 GeV, 10 years, fixed parameters 0.5-25 GeV, 10 years, marginalised 
—+— Oscillation only —+— Oscillation only, «, = 0 eV? 
—+— Invisible decay + oscillation, decay in data and theory —+— Invisible decay + oscillation, decay in data and theory 
10 
I 
3 
4 a 
S 
4 
greet ght piiritiiiit 
04 #045 05 055 0.6 0.65 035 «404 «4045 «(05 «(0.55 (0.6 (0.65 
sin’0,, sin’6,, 


Fig. 104.3 Precision on sin? 623 in the presence and absence of invisible decay for fixed parameter 
case (Left) marginalized case (Right) 


0.5-25 GeV, 10 years, 3D, marginalised, 11 pulls, NH 


0.5-25 GeV, 10 years, 3D, fixed parameters, 11 pulls, NH baa 
—+— Oscillation only 
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Fig. 104.4 Precision on |Am3,| in the presence and absence of invisible decay for fixed parameter 
case (Left) marginalized case (Right) 
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Next, we have studied the effect of invisible decay on precision measurements 
where both data and theory assume neutrino decay with oscillations. a3 = 1 x 
10->eV? is taken for fixed parameter study while it is varied over [0, 2.35 x 
10~*] eV? for marginalized case. 

The effect on the precision measurement of sin? 633 in the presence of decay is 
shown in Fig. 104.3. It is evident that for fixed parameters, the relative 1o precision 
on sin? 43 in presence of decay (~8.9%) is almost similar to only oscillation case 
(~8.6%) but the overall shift happens towards higher octant as in [4] for MINOS. 
While marginalization worsens the sensitivity of a3 (~10.85%) as compared to only 
oscillation case (~8.87%). On the other hand Fig. 104.4 shows that neutrino decay 
does not affect the precision measurement of |Am3,|. It is due to the fact that the 
presence of decay modifies the amplitude of oscillation and not the frequency which 
is governed by |Am?,|. 
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and the computing facility of IMSc Chennai. 


References 


1. V. Barger, J.G. Learned, S. Pakvasa, T.J. Weiler, Neutrino decay as an explanation of atmospheric 
neutrino observations. Phys. Rev. Lett. 82, 2640 (1999) 

2. S. Choubey, S. Goswami, Is neutrino decay really ruled out as a solution to the atmospheric 
neutrino problem from Super-Kamiokande data? Astropart. Phys. 14, 67—78 (2000) 

3. S. Ahmed et al., Physics Potential of the ICAL detector at the India-based Neutrino Observatory 
(INO), INOCAL/PHY/NOTE/2015-01 (2015), arXiv: 1505.07380 

4. R.A. Gomes, A.L.G. Gomes, O.L.G. Peres, Constraints on neutrino decay lifetime using long- 
baseline charged and neutral current data. Phys. Lett. B 740, 345 (2015) 

5. L.S. Mohan, D. Indumathi, Pinning down neutrino oscillation parameters in the 2—3 sector with 
a magnetised atmospheric neutrino detector: a new study. Eur. Phys. J. C 77(54) (2017) 

6. M.M. Devi et al., Enhancing sensitivity to neutrino parameters at INO combining muon and 
hadron information. JHEP 10, 189 (2014) 


Chapter 105 ®) 
Measurement of Azimuthal Correlations a 
Between D Mesons and Any Charged 

Particle in pp Collisions at ./s = 7TeV 

with ALICE 


Sonia Rajput 


105.1 Introduction 


The goal of the ALICE experiment at the LHC is to study nuclear matter at extreme 
conditions of high temperature and high density at which quarks are no more con- 
fined into nucleons, giving rise to a new state of matter known as Quark Gluon 
Plasma (QGP) [1]. Due to their large masses, heavy quarks (charm and beauty), are 
produced primarily in the early stages of heavy-ion collision, in hard partonic scat- 
tering processes, and experience the full evolution of the system propagating through 
the medium produced in such collisions. Therefore, they are an effective probe to 
study the medium and provide information on its evolution. The analysis of angular 
correlations between heavy-flavour particles and charged particles serves as a tool to 
characterize the heavy quark fragmentation process and its possible modification in 
the medium, formed in heavy-ion collision. To this purpose, the measurement in pp 
collisions is necessary to obtain a reference for the studies in heavy-ion collisions. 
The measurements in p-Pb collisions and their comparison with the pp measure- 
ments can give insight on how heavy-quark production and hadronization process is 
affected by the cold nuclear matter effects in p-Pb collisions. 

The ALICE apparatus has excellent capabilities for heavy flavour measurements. 
A detailed description of the ALICE detector and its performance can be found in [2]. 
D mesons and their charge conjugates are reconstructed in hadronic decay channels 
and selected exploiting the typical displaced-like topology of the decay vertices, PID 
(particle identification) and reconstruction quality cuts on the daughter tracks [3]. 
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105.2 D Meson-Charged Particle Angular Correlation 


Two-dimensional angular correlations of D mesons (D°, D+, D**+) with charged par- 
ticles are evaluated in pp collisions at ./s = 7 TeV for different ranges of D-meson 
and associated charged particle pr. The contribution of background candidates is 
removed using the correlation distribution from the candidates in the sidebands of 
the D-meson invariant mass distribution. To account for the limited detector accep- 
tance and detector spatial inhomogeneities, a correction factor is applied using the 
event mixing technique. 

Corrections for reconstruction and selection efficiency of D mesons and charged 
particles are also applied. PYTHIA simulations [4] were used to produce tem- 
plate distributions of angular correlations between D mesons from B-meson decays 
and charged particles. These distributions, normalized to the expected amount of 
feed-down contribution evaluated from FONLL calculations [5] and considering the 
reconstruction efficiency of feed-down D mesons, are subtracted from the inclusive 
correlation distributions obtained from data. The fully corrected 2D correlations were 
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Fig. 105.1 Comparison of the baseline-subtracted D meson-charged particle azimuthal correlation 
distributions in pp collisions and predictions from different models for different ranges of D-meson 
and the associated charged particle pr [6] 
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Fig. 105.2 Comparison of near-side associated yields (top) and near-side widths (bottom) extracted 
in pp and p-Pb collisions as a function of D-meson pr [6]. The near-side yields are extracted by 
integrating the near-side Gaussian component of the fit function 


projected onto the A@ axis, producing azimuthal correlation distributions normal- 
ized to the number of trigger D mesons. A weighted average of the results for the 
three D-meson species was then performed to reduce the statistical uncertainty. A fit 
with a function composed of a constant term and two Gaussian functions modelling 
the near-side (A@ ~ 0) and away-side correlation peaks was done to estimate the 
near-side peak associated yield and peak width and the height of the baseline. 

The azimuthal correlation distributions in pp collisions are described well within 
uncertainties by expectations of various event generators (PY THIA [4], POWHEG [7] 
and EPOS [8]) in all kinematic ranges, as shown in Fig. 105.1. Figure 105.2 shows 
the compatibility of the near-side yields measured in pp collisions at ,/s = 7TeV and 
p-Pb collisions at ./snn = 5.02 TeV indicating that within the current uncertainties, 
no significant effect of cold nuclear matter effects in p-Pb collisions is observed from 
the data. 
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Chapter 106 ®) 
Gas Proportion Studies on the Operation =a 
of Resistive Plate Chambers 


K. Raveendrababu and P. K. Behera 


106.1 Introduction 


The India-based Neutrino Observatory (INO) has proposed to build a 50 kton mag- 
netized Iron Calorimeter (ICAL) to study neutrino oscillations. Glass resistive plate 
chambers (RPCs) of 2 x 2m? size are going to be the active elements for the ICAL 
detector. The gas mixture of freon (C2H2F,), iso-butane (C4Hj9) and SF¢ will be 
used to operate the RPCs in the avalanche mode [1]. Systematic characterization 
studies were undertaken on the performance of RPCs for various gas proportions 
and the results are summarized in this paper. 


106.2 Experimental Arrangement 


RPCs of 30 x 30cm* size were built using 3 mm thick float glass plates from Saint- 
Gobain glass manufacturer. A cosmic ray muon telescope was set up with three 
plastic scintillator counters. The dimensions of scintillator counters in length x 
width x thickness are 30 x 2 x Lem} (top), 30 x 3 x 1cm? (middle), and 30 x 5 x 
1 cm? (bottom). The RPCs were stacked between top and middle scintillator counters. 
The telescope window that is defined by a 2cm wide finger paddle was centered on 
the 2.8cm wide central strip of the RPC. The detailed experimental arrangement of 
RPCs, scintillator counters and electronic circuit are shown in Fig. 106.1. 
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Fig. 106.1 Schematic of the experimental arrangement 


106.3 Test Results 


Using the experimental arrangement shown in Fig. 106.1, the following gas propor- 
tion studies were performed on the RPCs. 


106.3.1 Efficiencies of the RPCs 


A gas mixture of C)H2F4/C4Hj0/SF¢ = 95.2/4.5/0.3 [2] was flown through the RPCs 
(RPC1 and RPC2) with a total flow rate of 10 SCCM and operated in the avalanche 
mode. The efficiencies of RPCs were measured using the cosmic-ray muons. The 
knee of efficiency plateau of RPCs starts at 11.8kV and showed greater than 95% 
efficiency [3]. 


106.3.2 Efficiency of RPC as a Function of Iso-C4Ho 


The fraction of SF, was kept at 0.3% and various fractions of C4Hj9 was added to the 
RPCI gas mixture. The RPC1 was operated at 12.2kV and measured its efficiency 
for various fractions of C4Hj9. These results are shown in Fig. 106.2. There was no 
observation of significant variation in the RPC1 efficiency. 
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Fig. 106.2 Efficiency of 
RPC1 at 12.2kV asa 
function of gas composition. 
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106.3.3 Efficiency of RPC as a Function of SF ¢ 


The fraction of C4Hjo was kept at 5.4% and that of SF, was increased gradually from 
0.3 to 1.5%. It was observed a gradual deterioration in the RPC1 efficiency with the 
increase of SF¢ fraction as shown in Fig. 106.3. It is due to the large electron affinity 


of SEs. 


106.4 Conclusions 


RPCs of 30 x 30cm? size were built using Saint-Gobain glass plates and operated 
them in the avalanche mode. They showed greater than 95% efficiency on the plateau 
region. Larger fractions of iso-butane have not shown significant effect on the effi- 
ciency of RPC. Larger fractions of SF¢ severely deteriorated the RPC efficiency. 
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Chapter 107 ®) 
Variation of Fine Structure Constant ectics 
and Electron Properties 


S. Ghosh 


107.1 Introduction 


In the first half of the twentieth century Milne [1] proposed the possibility of time 
variation of the fundamental physical constants. Following that the variation of funda- 
mental physical constants was doubted and predicted by Dirac [2]. When Milne and 
Dirac were actually thinking of the time variation of G, then Teller [3] considered the 
fine structure constant to be varying in time. Gamow in 1967 [4] recommended fine 
structure constant as varying one whereas G would behave as constant. Then in 1972 
Dyson [5] proposed that the variation can be introspected from the renormalization 
of quantum electrodynamics. 

With some cosmological consequences the theory of time varying fine structure 
constant was first introduced by Bekenstein [6]. This provides even a generalization 
of the Maxwell’s equations. But the effects of the gravitational field equations were 
overlooked. Sandvik, Magueijo and Barrow presented a modified Bekenstein model 
with the inclusion of the the gravitational fields [7]. This modified model is better 
known as BBSM (Bekenstein—Barrow—Sandvik—Magueijo) model [8]. Webb et al. 
[9] continued to fine-tune it. 

Additional dimensions of space are necessary for unified theorem. Moving for- 
ward towards additional dimensions may lead to the change of the physical con- 
stants [7, 10]. From recent observation of quasar spectra at medium red shift the 
first evidence came out which hints about probable change in fine structure con- 
stant with cosmological time, which introduce a as varying (growing) constant with 
Au = —0.72 £0.18 x 10~> for z © 0.5 — 3.5 [8]. At the present scenario it is very 
essential to know the exact reasons of this variation of a. As well as we need to 
observe the effect of this variation on different particle properties and the calcula- 
tions if at all. 
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107.2 Time Varying Charge and the Speed of Light 


Fine structure constant can be written using the charge, the speed of light and Planck’s 
constant as ~@ = -_ where e, i and c are known as constants. But the variation of 
the fine structure raises questions about the constancy of the charge and the speed of 
light. The variation of the charge is assumed by Bekenstein [6]. The variation of the 
speed of light is hinted by Albrecht and Magueijo [11, 12]. 

According to Bekenstein [6], the charge of electron is composed of two integral 
parts, out of which one plays the role of constant and the other is a variable and that is 
a function of space and time both. Hence the charge of any particle can be expressed 
as e = e9e (x”), where eg is constant and ¢€ (x”) is the variable [6]. 

Magnetic moment of electron with first order correction (Schwinger correction) 
[13] can be written with Bekenstein’s proposal as 4 = sock (1 + +). Hence we 
are left with the conditions of variations of the fine structure constant either along 
with variation of speed of light or without the variation of speed of light. Without 


considering the variation of speed of light time variation of ~ comes out to be 


a é 
—=2¢-. (107.1) 
a € 

Corresponding variation in magnetic moment is then expressed as 


i £ 4 
=— + : 107.2 
moe Aw(l+#) 


Considering varying speed of light, the time variation of the fine structure constant 
becomes 


a EE, 
—=2c-—-¢. (107.3) 
a € 

This leads to the time variation in the of the magnetic moment of the electron as 


fu € ¢ 6a 1 
= : 107.4 
fb € c+e(z) ( ) 


Equations (107.1) and (107.3) are related with the time variation of a whereas (107.2) 
and (107.4) are related with time variation of magnetic moment of the electron. 
Equation (107.3) varies from (107.1) only due to the time variation of the speed of 
light. 

Magnetic moment of the electron with recent experimental and theoretical cor- 
rections is expressed in different orders of fine structure constant [14-17]. If we 
introduce a = e”, e =e", c=e™ and . =e" in the above four equations, then 
the parameters a, €, c, js can be expanded in higher orders. Hence magnetic moment 
of the electron can be expressed using higher order corrections of fine structure (as a 
function of time). Thus the introduction of the new parameters can assist us to match 
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our calculation with the updated expression of jz. Thus the temporal variation of fine 
structure can be correlated with the corrected expression of the magnetic moment of 
electron, which is the basic goal of this work. 


107.3. Conclusion 


The variation of the magnetic moment of the electron caused by the variation of 
the fine structure constant is expressed here. As magnetic moment can provide us 
different valuable information about the particle, we expect to have better realization 
about particle properties by above equations. 
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Chapter 108 Mm) 
Intersecting D3-Branes at Finite creek 
Temperature 


Varun Sethi, Sudipto Paul Chowdhury and Swarnendu Sarkar 


108.1 Introduction 


In [1], a holographic model for strong coupling BCS superconductivity is proposed. 
It is based on Sakai-Sugimoto model [2] in the sense that there are two probe 
D8-branes in the background of N,. D4 branes (where N,. is number of colour degrees 
of freedom and is large). It is shown that at finite baryon density the two D8-branes 
separate with an opening angle in the bulk. Such a configuration is known to have 
tachyons in the spectrum [3]. This instability is proposed to be dual of the BCS insta- 
bility in superconductors. For a more detailed overview of this model, see [5]. Here, 
we consider a toy model with intersecting D3 branes in flat background. This is the 
continuation of the work initiated in [4] where two intersecting D1 branes are consid- 
ered. The action for this configuration, in the Yang—Mills approximation, is obtained 
by dimensionally reducing 10-dimensional VV = 1 supersymmetric Yang-Mills the- 
ory to 4-dimensions. The resulting VV = 4SYM theory has the field content (bosons:) 
@/, ®, (scalars), J = 1, 2,3, A, (gauge bosons), = 0,..., 3, and (fermions:) 4;, 
i=1,...,4. (Gauge indices are suppressed throughout.) The thermal stability of 
this configuration is analysed by computing one-loop correction to 2-point tachyon 
amplitude at finite temperature in Yang—Mills approximation. Here, the temperature 
is introduced by compactification of the Euclidean time. 
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108.2 Spectrum 


In the framework of SU(2) Yang—Mills theory, the quadratic part of the bosonic 
action can be written compactly as 


1 ee : 
ee fae | 567 One + 567 OnE + £43, 01,6)| (108.1) 
where 
e ; i 
A @P j A ; @ 
f= AB a )) -4= Al = (7h) (108.2) 
A Al 


and Oz is the matrix of the differential operators acting on the above multiplets. Fur- 
ther, Aj = O is the temporal gauge choice and the intersecting D-branes configuration 
is captured by fixing the background value of @} equal to gx. The eigenfunctions of 
the operator Og can be written in terms of the Hermite polynomials. With these as 
the basis, the doublet ¢ is expanded with C(m, n, k) & At as the Fourier coefficients. 
The latter can be clubbed along with the Fourier coefficients Aas in expansion of 
AS 3, while former is tachyonic for n = 0 and for all values of m and k. This can also 
be seen from the eigenvalues of Og, which are (2n — 1)q, n being a whole num- 
ber. Similar analysis holds for ¢’, which is expanded with the Fourier coefficients 
C'(m,n,k) & At The last term of (108.1) gives decoupled eigenvalue equations 
for scalar fields with eigenvalues (2n + 1)q. The fields o and db)? (UI = 2, 3), are 
expanded in the basis of harmonic oscillator wavefunctions with the Fourier coeffi- 
cients O55 (m,n, k). Lastly, all the fields with gauge index 3 can be Fourier expanded 
as plane waves as these do not couple with the background. 

The quadratic part of the fermionic terms in the action is 


, aif - ae — ~— 
i= =. [Orn + X2Orx2 + X30 KX3 + K4Orxa + A! a,ri| (108.3) 


al M a} rt 
= (4) = Gd) = (8) = (8) coe 


With eigenfunctions of O; and O r as basis, the Fourier expansion of y; is written 
in terms of the fields 0;(w,n, k) & 0*(w, n, k), with the corresponding eigenvalues 
being —i./2nq. In addition, there are } (w, k,, k) fields in the Fourier expansion of 
x. 


where 
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Using the expansions discussed above, actions (108.1) and (108.3) can be rewritten 
in terms of the Fourier coefficients. These can be used to read off the propagators 
(refer Appendix C in [6]). 


108.3. One-Loop Two-Point Tachyon Amplitude 


As seen in Sect. 108.1, there are tachyonic modes in the bosonic tree-level spectrum. 
Next, we would like to compute one-loop correction to the tachyon propagator at 
finite temperature. For this purpose, we need Feynman diagrams with tachyons on 
external legs. Using the interaction terms in the action and the mode expansions for 
various fields, all required vertices can be read off. These are listed in appendix C in 
[6]. The Quantum corrections to the tachyon propagator have contributions coming 
from both bosons and fermions in the loop. Figure 108.1 illustrates both type of 
contributions. 

Infrared divergence. One-loop corrections to tachyon amplitude also have mass- 
less modes in the loop. These modes are the fields with the gauge index a = 3, namely 
D3 /B3(J = 1,2,3) and A} (i = 1, 2,3). The reason is that the spectrum of these 
fields is not gapped since these do not couple with the background. To handle IR 
divergence, we first find the one-loop correction to the propagators for these fields 
(requisite vertices are shown in appendix E in [6]) and then use the corrected prop- 
agators to evaluate the one-loop two-point tachyon amplitude. 

Ultraviolet behaviour. Though supersymmetry is broken by the background, the 
supersymmetry breaking scale is finite. Consequently, it is expected that the UV 
behaviour remains same as the underlying V = 4 SYM theory. This has been shown 
analytically in the large n limit, where the amplitudes with bosons and fermions in 
the loop are equal in magnitude and opposite in sign. 

Since the amplitude is finite in both UV and IR, we can compute the temperature 
at which the effective mass-squared of tachyon becomes zero. This critical value of 
temperature, at which tachyon ceases to exist, comes out to be T,/,/g = 0.29 [6]. 
This behaviour signals a phase transition. 


Fig. 108.1 Feynman 
diagrams having 4 and 
3-point vertices 
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Chapter 109 ®) 
Jet Identification with Zest eects 


Ankita Budhraja and Ambar Jain 


109.1 Introduction 


The standard model heavy particles, namely, W and Z bosons, Higgs boson and 
the top quark, dominantly decay to light quarks and gluons which in turn shower 
into jets of hadrons. Since jets are invariably produced at LHC, heavy SM particles 
decaying to jets are often faked by jets from light quarks and gluons (collectively 
parton jets). One might expect that the jet mass may cut out undesired gluon jets 
largely, however, as it happens to be the case, gluon jet cross-section has a large and 
long tail that is worsened by the underlying event and the pile-up. A great deal of 
effort [1] is underway in jet identification by constructing observables that can reject 
the parton jets and thus reduce the background with a goal to improve the signal rate 
to miss-tag rate ratio. The purpose of this work is to improve upon such strategies 
by studying a new observable zest similar to transverse-zeal introduced in context of 
jet quenching studies [2]. 


109.2 Zest of a Jet 


For a jet composed of hadrons, zest [3] is defined as 
_ -1 
~ log ( react e~Pr/\puil) 


where Pr = par |p.ii| and p,; is the transverse momentum of the ith particle 
in the jet with respect to the jet axis. Here we have assumed that a jet has been 


c (109.1) 
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constructed using a suitable jet algorithm with quintessential grooming [4]. Zest has 
some interesting properties: (1) ¢ is invariant under boosts along the jet axis, (2) it 
is mostly sensitive to particles with large transverse momenta and insensitive to the 
soft particles in the jet, (3) it is largely insensitive to the global color flow of partons. 
Due to its little sensitivity to the soft particles in the jet, zest distributions are stable 
against inclusion or exclusion of a few soft particles [3]. We further expect it to be 
stable against jet reconstruction methods, and jet grooming techniques. Owing to its 
salient properties, ¢-distribution of gluons are narrow, independent of jet energy and 
have little overlap with similar distribution of most other particles. ¢ is highly non- 
linear and infrared unsafe due to which it cannot be calculated in perturbation theory, 
however it can be computed using Monte Carlo based event generators. Zest pro- 
vides a perspective into the jet substructure that may not be accessible with infrared 
safe observables. Zest is hadronization model dependent but we expect zest based 
discrimination is not [3]. 


109.3 Results 


All jets are simulated using Pythia 8 [5] by inserting particles with energy 500 GeV 
along the z-axis and allowing them to decay to hadronic modes only. For gluon jets, 
one energetic gluon of energy 500 GeV and off-shellness same as the heavy particle 
mass was inserted along the z-axis, while a soft on-shell gluon of energy | MeV 
with opposite color was inserted along the negative z-axis to shower a color singlet 
event. The gluon jet was identified by constructing the thrust axis [6] and taking all 
particles in the forward hemisphere. The resulting jets were accepted if their masses 
were within 5 GeV of the heavy particle. Likewise, for top quarks, a top anti-top pair 
of opposite color were inserted back to back for simulation, whereafter jets were 
constructed by dividing the event into two hemispheres perpendicular to the thrust 
axis. Zest distributions for gluons and heavy particles are shown in Fig. 109.1la. We 
note that the gluon zest distribution peaks around ¢ ~ 0.1 while heavy particle jets 
are dominantly distributed at higher values of ¢. The near jet-mass independence of 
gluon zest distribution makes it very useful for vetoing gluon jets. In Fig. 109.1b, 
we have presented the relative operating characteristic curves (dashed lines) for zest 
based filter, if it alone was used for heavy particle jet identification. We note that, 
zest provides good signal statistics after high background rejection, for example, 
nearly 90% of signal stays in the accepted sample after a zest cut to remove 90% of 
gluon jets. 

Discrimination for the originating particle can be further improved with mul- 
tivariate analysis. We introduce a simple infrared safe observable boost-invariant 
broadening (bib for brevity), defined by b = ea ietet |P1i|. Bib is similar to jet 
broadening defined in [7], however it is invariant under boosts along the jet direc- 
tion. In Fig. 109.2a—c, we show scatter plot of simulated jets in zest-bib plane. Gluons 
occupy small zest and smaller bib region, while heavy particles occupy a large zest 
and large bib region, thus providing a strong statistical discrimination between gluon 
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Fig. 109.1 Zest distribution for W, Z and top quark along with corresponding gluon jets 
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Fig. 109.2 a-—c Scatter plots: each point represents a jet 


jets and heavy particle jets. In Fig. 109.1b, we present three types of relative operating 
characteristic (ROC) curves (a) zest-based cuts only — represented by dashed lines 
(b) cuts based on inclusion zones constructed by drawing contours of equal heights 
on the heavy particle scatter plot — represented by dotted lines, and (c) cuts based 
on exclusion zones constructed by drawing contours of equal height on the gluon 
scatter plot — represented by solid lines. We note that for high signal rate, exclusion 
zone Statistics provide slightly better discrimination than only-zest-based cuts for 
weak bosons, however they provide no significant improvement for top quark. On 
the other hand, inclusion zone statistics is more efficient when high gluon rejection 
is required and small signal rate is acceptable. 

Although results presented here are preliminary, due to salient properties of zest, 
we expect that these results will remain mostly unaffected. A complete study will be 
performed in a future work. 
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Chapter 110 M®) 
Trimaximal TM, and TM) Mixings as si 
Perturbation of Tri-Bimaximal Mixing 


Kanwaljeet S. Channey and Sanjeev Kumar 


110.1 Introduction 


Reconstruction of the neutrino mass matrix from the current experimental neutrino 
data leads to many possible structures. After the measurement of non-zero 43 [1], 
many such structures were ruled out. For example, the neutrino mass matrix (Mrz) 
corresponding to Tri-Bimaximal mixing [2] is incompatible with the current exper- 
imental data. However it can be made compatible with the experiments by adding 
perturbations that break the underlying symmetry of TBM mixing. Such perturba- 
tions need not break the symmetry completely and may preserve the first or second 
column of TBM mixing matrix. In the present work, we perturb the mass matrix 
(Mrgm) by adding an extra complex term (M’) in such a way that either first or 
second column of TBM mass matrix remains unchanged. Such mixing schemes are 
called Trimaximal Mixing [3] (TM, and TM2) schemes of first and second kind. We 
consider only those real TBM mass matrices for which the smallest eigen value is 
zero. 

We can write general form of Tri-Bimaximal mass matrix and the corresponding 
mixing matrix as: 


2 1 9 
i, od 
—Z2AaA 4a+b b-—2a b—2a 
Urem = | I Mrem = | b-2aa+b+ca+b—c 
We aa: ae b-—2aa+b-—cat+b+c 
ee Re 
TM, TM, UT 
(110.1) 
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Similarly the mixing and mass matrices corresponding to the TM; and TM) magic 
symmetries are given by 


J? cos @ sin @ 
7 v3 V3 
7 io ee V3 cosd—el® sino el coso+y/2 sind “af oe z 2b oxy a (110 2) 
TM, = Ve Va va ‘ TM, = = 6+ a+ 2b s 
a) ey Psy 2c 2a+2b—d —3b+3c+d 
1 JF cos O+e! sind J3sin 6—e'? cosé 


v6 v2 v2 


and 


V3 cose V3 sino 


a 
. 5 
el sin 6— £98. —e!? cos @— SID b . 
Vs V3 b : 
U ;M =) 8 d a+c—d}]. 110.3 
TM) J2 J3 z J2 ‘ TM cate-d b-c+d ( ) 
cos @ —el? sind el? cos g— Sint 
1 V3 
V3 


The neutrino mass matrix M can be diagonalized by neutrino mixing matrix U by 
using the following relations 


U? MU = M?*9, (110.4) 
where M?!9 is the diagonal matrix of the form diag(m,, m2e~!”, m3e?"’) with a, 


G as the Majorana phases. The mixing angles can be calculated from U using the 
relations 


a |U12|? 2 |U23|? 
sin’ 6). = ————_; sin* 633 = ———__., (110.5) 
T= 3 T= |UP 
sin?,; = |U13|"; J = Im(U1,U{, U5, U2). (110.6) 


We can use (110.4), (110.5) and (110.6) to find the mixing angles and CP violating 
phase 6 in terms of 6 and ¢. 

We can break the neutrino mass matrices corresponding to either TM; or TM2 
mixing in terms of 44 — 7 breaking and ys — 7 preserving terms as follows 


Mrmas = Mrem + Mrm,,> (110.7) 


where Mrgy is given by (110.1). M7, Ma», breaks the 4. — 7 exchange symmetry 


while preserving the corresponding TMi, ,2) symmetry. 


110.2 Calculations 


In the present work, we propose some simple textures for M7 y, and Mr, by making 
minimal assumptions on (110.7). We take Mrgy to be real with vanishing lowest 
eigen value. Using these assumptions in (110.1) and 
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Fig. 110.1 Upper graphs show variation of the neutrino mass matrix parameters with . for TM; 
(left) and TM (right). Lower graphs show variation of CP phase 6 with mixing angle 023 


0 rerxz —1lexz 0 O ze'x 
, 1 , . t == 
Mr, = a4 e'xz gee ’ Mry, ~~ 0 ze 0 : (110.8) 
—lexz —lexz 0 zx 0 0 


we can get Mry,,,, from (110.7). Using Mr, Ura, and (110.4), we can find @ 
and ¢ for TM, and TM) respectively as 


ees J/3zy/ 4b2 + 4bz cos x + 22 (110.9) 


2b(2b + z cos x) 


cot 6 = ese x (= = — cos x) ; 
=cs on ; 


32 (9a? + 12ab cos 2x + 2z(3a + 2b) cos x + 4b2 + -) 
z 


,  Qat3b)cscx(cosxt+z) 9 
cot d a _ 3b > tan” 0 


(110.10) 


2 (902 + 4b2 + 4bz cos y + 2) 


From these values of 6 and ¢, we can calculate all the mixing angles and CP violating 
phase using (110.5) and (110.6) (Fig. 110.1). 
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110.3 Conclusions 


The parameters a, b and z are constrained in the ranges 0.001 < |a| < 0.005, 
0.025 < b < 0.030 and 0.0003 < z < 0.0015 for T; and in the ranges —0.009 < 
a < 0.007, 0.021 < b < 0.028 and 0.009 < z < 0.015 for Tz. The phase y remains 
unconstrained for TM, while it is constrained in the second and fourth quadrant 
for TM». x will further be constrained by the future measurements of 623 and CP 
violating phase 0. 
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Chapter 111 ’ 
Study of Hyperon Polarization at T2K, crest 
MicroBooNE and MINERvA 


F. Akbar, M. Rafi Alam, M. Sajjad Athar, S. Chauhan and S. K. Singh 


At the energies below the threshold of associated particle production, the hyperons 
can be produced by antineutrinos through the QE processes 


B, +p ut + AD»); Btn petty. (111.1) 


The production of these hyperons is however Cabibbo suppressed as compared to 
the A production, but could be significant at the lower energies due to the thresh- 
old effects. It has been shown that in the nuclear targets the pions produced by the 
hyperons are comparable to the pions produced through the A excitation in the lower 
energy region of E;, ~ 500-700 MeV [1]. The asymmetry in the angular distribution 
of pions will give information about the hyperon polarization extending the scope of 
the weak interactions in | AS| = 1 sector. We have in this work calculated, the differ- 
ential cross section and the polarization of hyperons produced in the reaction (111.1). 
The details of the calculations are given in [2]. The cross section do and the four 
vector polarization &* of the final hyperon in the reaction (111.1) are given by [3] 


1 
(2m)? 4E;, my 


: 1 ak’ d? p' 
Serpe k=g) 7E, 2E, IM, (111.2) 


s = 


pp? LP Te [v. V5A(p')JaA(p) Jp 
(e ~£ ) (111.3) 


LT | ACP Je A(p)Jp | 


where M = se E sin 6,1" J, with 
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Fig. 111.1 nae P,,(Q) and Pp(Q?) versus Q? for the process vy, p > pt A at E, = 1GeV 
for different values of M4 viz. 1.026 GeV (solid line), 1.1 GeV (dashed), 1.2 GeV (dotted line) and 
1.3 GeV (double dashed-dotted line) with m, = 0 


IM = ai(k’)y" (1+ ys5)u(k) 


: q’ q 
[mA a io amp ft (2) — yuyssh* (Q*) - tt ah rvs] 
(111.4) 


= 
I 


A(p) = SA Ap’) = G4 and YY = SII. FN (Q?) and gh} (Q?) are 
the strangeness changing transition form factors which are determined in terms of 
the nucleon form factors using SU(3) symmetry [4]. (fa ¥(Q7) and ei Y(Q7) are 
determined in terms of the electromagnetic form factors of the nucleon for which 
the parameterization of Bradford et al. [5] has been used. The axial vector form 
factor g/’” (Q?) is given in terms of the axial form factor ge, (Q*) corresponding 
to n—p transitions, for which a dipole form is taken with M, = 1.026GeV. The 
pseudoscalar form factor gv (Q7) is obtained in terms of g’ (Q”) assuming PCAC 
and Goldberger—Treiman (GT) relation extended to strangeness sector as discussed 
by Marshak et al. [6] and Nambu [7]. Using (111.2) and (111.3), the expressions for 
differential cross section bn and longitudinal (P; ( Q7)) and perpendicular ( Pp ( Q’)) 
components of the hyperon polarization are calculated to be 


do G7, sin 0¢ 

Soe FS NO Bs 111.5 

dQ? 8m y E> 2 iy? ( ) 

"L 
do» (Q7) Gp Oe (8 E2 i) A(Q?, Es )+|q\?B(O?, E | (111.6) 
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dgz ” 8x|q\E,ymy E2 By TPE Uyar Na Yu 
7 
G2. sin2 6. \K’) A(Q2, Es, ) sine 

oor Pp(Q2) = - ET (111.7) 
dQ 4x qh my Ey 


(a 


where in the lab frame E,, = ,/|q?| +m, and @ is the scattering angle and 
N(Q’, E;,), A(Q’, E;,,) and B(Q?, E;,) are given in [2]. 
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Fig. 111.2 aor P,,(Q?) and Pp(Q2) versus Q? ae = 1.026 GeV) for the process v,, p > uta 


at Ej, = 0.5GeV using fP* (1, fp 4(Q? ), gl 4(Q? ) with a = 0 (solid line), m, 4 0 and 


gt ut # 0 from Marshak et al. [6] (dashed line) and m,, 4 0 and eh” # 0 from Nambu [7] (dotted 
line) 
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Fig. 111.3 Hae P,,(Q2) and Pp(Q*) versus Q? for the process Vy, p > ut A(?C target) averaged 


over T2K spectrum, using fP4(?), £24(), g?“(Q?) with m, = 0 and M, = 1.026GeV 
(dashed line), m, = 0 and M, = 1.2GeV (dashed—dotted line) and m, 4 0, M4 = 1.026GeV 
with eP4(Q?) from Marshak et al. [6] (solid line) 


In Fig. 111.1, we have studied the sensitivity of aot, P,(Q7) and Pp(Q7) on 
M, by varying the value of M, from 1.026 oo J 3GeV for v,,p — wt A process at 


E i, = = 1 GeV. We observe that in the case of 4 we , the sensitivity on M, is very low, 
whetéds P;,(Q7) and Pp(Q*) are strongly sensitive to the variation of M4. Hence, 
we may be able to measure M 4 using the pelgcenen observables independent of the 
cross section. To study the effect of 93(Q7) on ion , P,(Q*) and Pp(Q7) in |AS| = 
1 sector, we have used two different parameterizations for g3(Q7), given by Marshak 
et al. [6] and Nambu [7], and the results are presented in Fig. 111.2 for the process 
Dup > wt A at Ej, = 0.5GeV. We find that P,(Q”) and Pp(Q7) are sensitive to 
23(Q7) in the region of low antineutrino ce 
In Fig. 111.3, we present flux averaged (ios +), (Pz, (Q7)) and (Pp(Q7)) ford vy p> 
z+ A process corresponding to the T2K sniaeutting flux for '7C target. It may be 
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observed from the figure that polarization measurements in the T2K experiment will 
enable us to independently determine the value of axial vector, pseudoscalar form 
factor and it may be possible to test the hypothesis of PCAC in the strangeness sector. 
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Chapter 112 ®) 
Sequential Quarkonium Production via sheet 
Recombination in Heavy-Ion Collisions 


Captain R. Singh, S. Ganesh and M. Mishra 


112.1 Introduction 


The production of heavy quarkonia (bottomonium and charmonium) is modified in 
the heavy-ion collisions as compared with elementary nuclear collisions. This mod- 
ification in the production of quarkonia is due to the hot and dense medium formed 
in heavy ion collisions named as Quark-Gluon Plasma (QGP) which is expected not 
to be produced in the elementary collisions. In such a thermalized medium, quarks 
and gluons can cause the dissociation of heavy mesons present in the medium. Like- 
wise, bottomonium and charmonium present in the medium can be destroyed, but 
the constituent quarks (q) anti-quarks (q) will likely stay spatially correlated due to 
small mean free paths in this system. In the due course of time, they can recombine 
and form color neutral states. As charm quark and aniquarks have less mass than 
bottom quark-anti quarks, they can be present in the medium in sufficient numbers 
from the initial time of the QGP. These are called un-correlated cc pairs. These cor- 
related as well as uncorrelated cc pair can recombine to form charmonium states 
(e.g., J/v, Xe, W). So, charmonium regeneration can happen in two ways, first one 
is through correlated cc and another is by un-correlated cc pair. But because of the 
very heavy mass, the number of uncorrelated bb pair would be too small. Thus, the 
possibility of the recombination of un-correlated bb pairs in the medium is negligi- 
ble. That is why regeneration of bottomonium (normally due to un-correlated pairs) 
in QGP has been neglected so far. But regeneration of bottomonia due to correlated 
bb pair may be present in the medium which can play a significant role in explain- 
ing the bottomonium nuclear modification factor, R44. Quarkonium suppression in 
a thermal QCD medium created in heavy ion collisions is a complex interplay of 
various physical processes, e.g., Gluonic dissociation, Collisional damping, Color 
screening and Cold Nuclear Effects [1-3]. Here we plan to describe the production 
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of charmonium and bottomonium via recombination and attempt to explain their 
observed nuclear modification factor, R44. We have developed a phenomenological 
model and we named it ‘Unified Model of quarkonia suppression (UMQS)’. In this 
model, we included hot matter effect (such as color screening, gluonic dissociation, 
collisions damping), cold nuclear effect (CNM) along with regeneration effect in a 
unified way to calculate the quarkonium suppression. Using this model, we analyze 
the centrality and transverse momentum, pr dependent recombination factor. Finally, 
we calculated the quarkonia survival probability and compared to the available R44 
obtained from LHC at ./synv = 2.76 TeV. 


112.2 Model Formalism 


The production of quark (q), anti-quark (q) and their bound states is governed by a 
rate equation given by Thews et al., [4]. We will describe here the rate equations in 
the context of Y(1S). We will utilize the same for J/w states [5]. 


dN: 
os =TrN, Nz [V(r)]7! —Tp Nx (112.1) 
= 
The first term in the RHS of (112.1) is formation term and second is the dissociation 
term of bottomonia. We have modified the solution of the transport equation by 
including the shadowing factor in the initially produced bottomonia, Ny (79, b). So, 
the modified analytical solution of (112.1) as follows [5]: 


Nr (tr, b) = €(tf) ec b) + vas | : relvenyetryr ar | (112.2) 


TO 
where, Ni. (70, b) = Ny (19, b) * Ssn 


The term, 7 = 0.5 fis the initial thermalization time of QGP and ty = 6.5 fm 
is the life time of the QGP at the LHC \/syy = 2.76 TeV. Ni (70, b) is the initially 
suppressed production due to shadowing effect, S,;, [3] and N+ (ry, b) is the finally 
survived number of Y meson. €(7/) and €(7) are the suppression factors. They include 
gluonic dissociation and collisional damping suppression mechanisms [6]. Here I’ 
is the recombination factor obtained using the detailed balance [5]. Other variables 
used in (112.2), have been discussed in details in referred article [5]. 

We have calculated the initial Y (Ny (7, b)) production using the production cross 


section, 0, ,, = 75 nb [7]. For calculating the N,;, we have used the bb production 
NN g bb p 


cross section ohh = 43 ub [7]. 
To refine the estimate of bottomonia suppression in QGP medium, we have intro- 
duced the effective temperature in our UMQS model calculation. 
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Fig. 112.1 a Represents the medium temperature and effective temperature of Y(1S) and J/~ in 
medium as the function of centrality. b Shows the variation of [r with Te for Y(1S) and J/w in 
medium 


112.2.1 Effective Temperature, To +f 


It has been assumed here that the quarkonium states do not experience the same 
temperature as the medium because of their heavy mass scale and formation time. 
So the modeling of quarkonia temperature becomes necessary and it should play an 
important role to explain the quarkonia production in QGP medium. The effective 
temperature is given as [8]: 


T(b, 7),/1 — v2 


rel 


Toff Uret, 9) = er (112.3) 


where, v,.; and @ are the relative velocity and scattering angle between the quarko- 
nia and medium. 7 (b, 7) is centrality and time dependent medium temperature [5]. 
Here, we have used Quasi Particle Model (QPM) equation of state for medium evo- 
lution. 


112.2.2. Net Suppression 


We have modeled the net production of bottomonia and charmonia by incorporating 
the suppression mechanisms along with recombination process. So, very first we put 
together gluonic dissociation, collisional damping, shadowing and regeneration and 
then calculated the survival probability, s given as: 
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Ny (tp, b 
2) (112.4) 
4 Nr (7, 5) 

In UMQS model, we assumed that color screening would act independently on 
quarkonia. So, we calculated color screening survival probability, 5” using the for- 
malism developed by Mishra et al. [9]. The net survival probability for Y(1S) in 
QGP medium is defined as: 
Sv =srtst (112.5) 
P g Vc ; 


We have used same formalism to calculate the charmonium survival probability, Cae id ; 
and results of charmonium and bottomonium suppression are shown and discussed 
in Result and Discussion section. 


112.3. Results and Discussions 


As shown in Fig. 112.1a, the quarkonium states Y(1S) and J/~ do not experience 
the same temperature as the medium due to their heavy mass scale. The Y(1S) 
effective temperature is found more than J/w at each centrality. It is because of 
high dissociation temperature, 7, of Y(1S). Figure 112.1b, shows possibility of J/¢ 
recombination is more than Y. For J/~ un-correlated cc can recombine and/or 
spatially correlated cc pair can make transition from color octet to color singlet 
states. But near J/w dissociation temperature (Tz = 335 MeV [9]), the resultant 
J/« production decreases. The high dissociation temperature (7, = 668 MeV [6]) 
of Y(1S) leads the explanation of continuously increasing recombination factor for 
YS) at higher temperature values. This difference in dissociation temperature of 
J/y and Y(1S), the recombination factor of J/7) decreases near the temperature 
340-400 MeV while Y(1S) is continuously increasing with temperature as shown in 
Fig. 112.1b. This recombination of J/~ and Y(1S) plays a significant role to explain 
the their respective nuclear modification factor, Raq at LHC ./syn = 2.76TeV [10, 
11] as shown below: 

In Fig. 112.2a I’ is increasing with pr because at low pr qq pairs go through 
multi-scattering with medium constituents which restrict them to recombine. But with 
increasing pr multi-scattering of gq pairs with medium decreases, so Ir increases 
with pr. In Fig. 112.2b we have found that recombination for bottomonia is negligible 
at lower centrality bins but in most central bins it plays a key role to explain the 
suppression data. It may be because of quadratic dependence of N,;, produced in 
sufficient numbers at most central bins than lower centrality bins. Figure 112.3a, b 
follow the same explanation as Fig. 112.2b. 
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Fig. 112.2. a lr for Y(1S) and J/z as the function of their respective transverse momentum, pr 
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Fig. 112.3 a Net se ” as the function centrality at high pr. b Net a ” as the function centrality 


at low pr 


112.4 Conclusion 


The UMQS model developed to explain the quarkonia suppression at mid rapidity 
in heavy ion collisions at LHC \/syy = 2.76TeV. The model explains the Y and 
J /« experimental data reasonably well. At low pr regime the calculated J/w sur- 
vival probability shows some variation with J /~ nuclear modification factor, R4, at 
ALICE, but qualitatively it is following the trend. So, the J/7 suppression in heavy 
ion collisions at low pr regime needs more study. 
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Chapter 113 M®) 
Studies on Reconstruction Algorithms pee 
for Material Imaging with MST 


Sridhar Tripathy, Abhik Jash, Nayana Majumdar, 
Supratik Mukhopadhyay, Sandip Sarkar and Satyajit Saha 


113.1 Introduction 


Cosmic ray muons are the secondary products of interactions between highly ener- 
getic cosmic rays and the nuclei of atmospheric particles. Their flux at sea level 
is around 10,000/m?/min (160Hz), that changes with the zenith angle 6 as cos?0 
[1]. Their energy varies from 10 MeV to 10GeV with most probable value around 
1GeV [2]. Monitoring the cosmic-muon tracks using radiation detectors and using 
reconstruction algorithm, the imaging of high-Z material is feasible. 


113.2 Muon Interaction with Matter 


Muons are leptons and they undergo two types of electromagnetic interactions, which 
are the ionization of atoms and Coulomb scattering with charge particles or nuclei. 
Muons undergo multiple small deflections which is termed as Multiple Coulomb 
Scattering, the amount of scattering depends upon the atomic properties. The distri- 
bution of scattering angles can be approximated to a Gaussian distribution [3], with 
mean at zero and standard deviation given by 


13.6 [L L 716.4 /cm? A 
— =(1 +-0.038n(Z-)) ye ec = 
Bcp Y Xo Xo p Z(Z + ljin(=Z) 


(113.1) 
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Fig. 113.2 The variation of standard deviation with size of the cube 


where L is the length of the medium traversed, /3 is the ratio of speed of the muon to 
speed of light, p is the momentum of the muon, Xo is the radiation length, Z is the 
atomic number and p is the density. 

In GEANT4 [4] model, muons of energy | GeV were incident from a point source 
on cubes having side 20cm made of materials of widely varying p and Z. Detector 
planes of 30 x 30cm dimensions were placed both above and below the target. 
Incoming and outgoing muon tracks were created based on the hit information. 
Hence found scattering angles were plotted and fitted with Gaussian distribution. 
The variation of standard deviations o with p, Z and the side of the cube is shown 
in Figs. 113.1 and 113.2 respectively. 
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113.3. Comparison: POCA and GEANT4 Estimated Points 


The POCA [5] algorithm is a geometrical algorithm which considers a single scatter- 
ing per event and no multiple scattering [6]. The algorithm first intakes the hit points 
of all 4 detector planes; i.e. A(x), y1, Z1), B(%2, ya, 22), C(%3, y3, 23), D(x4, ya, Z4). 
For a particular event, it calculates u= B — A and v= D — C. Thenit finds the straight 
lines joining A, B and C, D following the equations P(s) = A+ su; Q(t) = C + wv. 
From which W(s,t) = P(s) — Q(t); and wo = A — C are found. To find the closest 
point, two linear equations given in (113.2) are solved. The point hence found (s,.,t.) 
is the POCA. 


(U.u)s. — (ULV) fp = —U.wWo (V.U)S. — (V.V)t. = —V.wWo (113.2) 


For 13022 events, hits on the detector planes were used to find the tracks and then the 
approximation points were generated from the POCA algorithm. For the same events 
in GEANT4, the scattering points inside the material volume were located. For more 
than one scattering in an event, the geometrical average was taken to find out a center 
of scattering according to the formula in (113.3) where (x,, Yn, Zn) are the scattering 
point coordinates inside the material cube. The spatial distance between the points 
were found between POCA and G(x, y, z) by (113.3) where Ax, Ay, Az represents 
the difference of POCA estimated point and simulated point. The so found distances 
were plotted in a histogram which has a mean around 2.32cm. This is shown in 
Fig. 113.3. 


G(x,y,0= (=. Yn =) d = (Ax)? + (Ay)? + (Az? (113.3) 
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Fig. 113.3 Residual plot of POCA and GEANT4 estimated point 
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113.4 Conclusions and Future Goals: 


The residual plot shows that within a cubical volume of lead with a side of 20cm, the 
POCA algorithm has a mean inaccuracy of 2.32 cm in comparison to GEANT4 in the 
present calculation. This work describes the POCA algorithm applied to a case where 
only coordinates of the muon hits on the detector plane are known, and the volume of 
the objects are not discretized to voxels. The methods like Expectation Maximization 
likelihood method which discritizes the object volume and finds the track by forming 
a weighted matrix may lead to better estimation of the muon track. Moreover, it is 
planned to set-up Bakelite plate Resistive Plate Chamber (RPC) detector based muon- 
tracking system to discriminate high Z materials. The corresponding data acquisition 
system is being constructed. Triggering scintillators will be used to select the muon 
events passing through the tracking system and data will be stored and we need fast 
and high storage clusters for analyzing the data. 
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Chapter 114 M®) 
Open Charm Hadroproduction crest 
as a Probe of Gluon Sivers Function 


Rohini M. Godbole, Abhiram Kaushik and Anuradha Misra 


Transverse single spin asymmetry (TSSA) for an inclusive process A‘ + B > C + 
X is defined as, 
dot —doa* 


= dak dat (114.1) 


An 


where dot (do‘) is the cross-section for scattering of a transversely polarised hadron 
A off an unpolarised hadron B, with the polarisation being upwards (downwards) 
w.r.t plane of production of C. 

In this work, we treat TSSAs in the framework of a generalized parton model 
(GPM) where the parton distribution functions of QCD are generalized to include 
the transverse momenta of the partons. The Sivers function is one such transverse 
momentum dependent distribution parametrising the azimuthal anisotropy (in kr- 
space) of partons inside the hadron: 


fajpt (%, Ki) = fasp(%, ki) + A™ fajpt (x, KL)S.(p x kK) (114.2) 


Recently the first indirect estimates of the GSF have been obtained by D’ Alesio 
et al. [1], by fitting to midrapidity dataon pp’ —> 7° + X measured by the PHENIX 
collaboration and using QSFs extracted earlier from SIDIS data. We will refer to 
these as the DMP fits. It is necessary to identify processes where the predictions of 
these fits can be compared with data in a straightforward manner. 
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Open charm production, being highly gluon dominated, would be ideally suited 
for this. We therefore look at the process pp’ > D+ X.TSSA in this process was 
first studied by Anselmino et al. [2] with two extreme cases for the GSF - zero and 
maximal, and asymmetries of up to 25% were predicted with the maximal GSF. Here 
we present estimates of TSSA in this process using the DMP fits. We also look at 
the effect of TMD evolution on asymmetry predictions by considering the case of a 
saturated GSF evolved with and without TMD evolution. 

The GPM expression for the numerator of the asymmetry is [3], 


at ai _ Ep dob! p> DX Ep daP\ p> DX 


a ee (114.3) 


= i dXxq dxp dzd7k\qd°k ip a°kp d(kp - pe) 6G PF +4 — 2mo) C(xa, xp, z, kD) 


doii> 00 


x > [2p (xa, ka) Fijp@o. Kk 1p) #(xa, xb ka kip. kp) Dojo, tn) 


i=q.9 


where AN f(x, k1) = AN faip1 (x, kL)S.(p Xx k_) is the GSF and all other sym- 
bols have their usual meaning. 
The unpolarized TMD PDF is parametrized with a gausian k, dependence: 


eT Ki) 


Fisp(%, Ki) = Fie) (114.4) 


where fj/,(x) is the standard PDF for parton i. (k¥)=0.25 GeV?. The Sivers function 
is parametrized as: 


k 
AN fijpt (x, ki) = 2N5(x) V2e a eHL/M? f(x, ki) (114.5) 


a (a; + Bort Po 
x)" 


N(x) = Nix (1 ae : 
a; Bi" 


(114.6) 


where M’, N,, a; and (3; are obtained from fits to data. 

In Fig. 114.1, we present our estimates of asymmetry in pp’ > D+ X at 
/s = 200GeV using DMP fits [1], whose parameters are given in Table 114.1. In 
Fig. 114.2, we have presented comparison of predictions using DGLAP evolved and 
TMD evolved maximal GSF. 

We find that the DMP-SIDIS1 fit of the GSF gives sizeable asymmetries in the 
regions 0.1 S xr < 0.7 with Pr = 1.5GeV and 1.0 < Pr < 3.0 with pseudorapid- 
ity 7 = 3.8. The DMP-SIDIS2 fit gives much smaller asymmetry in these kinematic 
ranges. Nevertheless, it is still non-negligible and dominates over the quark con- 
tributions. The inclusion of TMD evolution causes overall asymmetry predictions 
to diminsh. The peak asymmetry prediction obtained with a maximal gluon Sivers 
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Fig. 114.1 Ay predictions for pp’ > D+X using DMP fits [1]. x-distribution in left and 
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Fig. 114.2 Comparing predictions for Ay in pp! -- D+ X, obtained with DGLAP and TMD 
evolved densities. GSF taken to be maximal in both cases 
function and TMD evolved densities goes down to less than a third of the peak value 


obtained with DGLAP evolved densities. 
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Chapter 115 M®) 
Effect of Initial Fluctuations creek 
on Quarkonia Suppression 


Partha Bagchi, Nirupam Dutta and Ajit M. Srivastava 


Introduction 


Intensive investigation is going on in the field of quarkonia suppression in relativistic 
heavy-ion collisions. Matsui and Satz [1] first proposed J/w (bound state of charm 
and anti-charm) suppression as a signal for Quark Gluon Plasma (QGP) formation in 
Heavy Ion Collisions (HIC). The basic picture of this suppression is that due to the 
presence of deconfined medium, potential between quark (q) and anti-quark (q) gets 
Debye screened. As a result the bound state swells in its size. If the Debye screening 
length of the medium is less than the radius of the state, then gq may not form bound 
state, leading to melting of the initial state. Due to this melting, the yield of the initial 
quarkonia state will be suppressed. Experimentally the phenomena was observed 
at CERN NAS5O Experiment [2]. And J/y suppression pattern measured in Pb-Pb 
collisions at the CERN-SPS was used as evidence for deconfinement of quarks and 
gluons. However, there are other factors too that can lead to the suppression of J/y 
because of which it has not been possible to use J/y suppression as a clean signal 
for QGP. 

The above picture of evolution of quarkonia in medium is taken as either static 
picture or adiabatic evolution of quantum states under Time-dependent perturbation. 
That means the quarkonia evolves as a quantum states corresponding to a Hamiltonian 
which slowly changes with time. But the reality for HIC is far away from this scenario. 
The fireball produced in HIC evolves rapidly. Starting from the time of collision it 
takes only few fm time for hadronisation. That means if quarkonia is described in 
potential model then gq potential is no-doubt time dependent. It has been shown that 
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the evolution of quarkonia is highly non-adiabatic during thermalization [3] and also 
during cooling [4] stage of evolution of fireball. 


Initial Energy Density Fluctuation and Evolution of Quarkonia 


The initial energy density of QGP is not homogeneous for the case of HIC. Though 
the pre thermalisation dynamics is not completely understood yet and this is initial 
condition for the post thermalisation dynamics, still there are few model calculation 
which shows that the initial energy density is highly fluctuating in space [5—8] and 
as time evolves, it also fluctuates in time. Since 4th power of the local temperature 
(T) is proportional to the local energy density of medium, the temperature of the 
medium is also fluctuating. 

The Debye screened potential between quark and anti-quarks in QGP can be 
written as [9], 


Vn) = —“exp(—wpr) “e —( — exp(—wpr)) (115.1) 
D 


where a, = ia is the strong coupling constant, o is the string tension and Debye 
mass Wp = T./67a;. That means the potential between quark and anti-quark in 
medium is also temperature dependent. If we consider a quarkonia is moving in 
QGP from one point to other point, then it might see huge change in temperature. As 
aresult the potential (Hamiltonian) will also change accordingly. Hence the evolution 
of quarkonia should not be taken as adiabatic evolution. One should solve full time 
dependent Schrodinger equation to find the population of different resonance of 
charmonia and bottomonia. 


Results and Discussions 


We have used Glauber initial condition [10] to produce fluctuating initial condition 
for hydrodynamic evolution of the fireball created in HIC. We have generated tem- 
perature profile (a quarkonia feels) with time as quarkonia with different velocity 
(v) moves in QGP. And we found that the temperature changes with time as quarko- 
nia moves from one point to another point. The change in temperature depends on 
several factors like velocity of quarkonia, initial position, direction of motion etc. 
In Fig. 115.1 (left) we have shown the profile of the temperature when a quarkonia 
moves along +x axis (perpendicular to the beam direction) and started from —4fm 
from the center of the medium. 

One can see (Fig. 115.1 left) that the temperature, a quarkonia feels, changes 
rapidly. Accordingly the Hamiltonian will also change rapidly. As a result, the evo- 
lution of quarkonia can not be taken as adiabatic. Dissociation probability is calcu- 
lated (using Ist order perturbation theory) for different velocity of J/w (Fig. 115.1 
right) by choosing different temperature profile corresponding to different velocity 
(Fig. 115.1 left) with same initial position. To show velocity dependence of disso- 
ciation probability we varied v from 0.1c to c. But in reality the velocity may not 
be close to the speed of light. Again the J/y wave function remains non relativistic 
as it is calculated in J/w rest frame. As velocity increases, initially the dissociation 
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Fig. 115.1 Left: Temperature profile for different velocity of quarkonia. Right: Dissociation prob- 
ability as a function of velocity 


probability decreases fast then it almost saturates. That means J/y with high p, 
will survive more. This is distinguishable feature of our mechanism of quarkonia 
dissociation. 
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Chapter 116 ®) 
Identified Hadron Production ectics 


in Proton-Proton Collisions at 
Js = 13TeV with ALICE at the LHC 


Sourav Kundu 


116.1 Introduction 


After a shutdown period of two years, the Large Hadron Collider (LHC) has resumed 
its physics program in June 2015, with proton-proton (pp) collisions at ./s = 13 TeV, 
which is the highest centre-of-mass energy ever reached in a collider experiment. 
Soft particle production in pp collisions cannot be fully described by perturbative 
Quantum Chromodynamics (pQCD) and hence pQCD inspired MC event generators 
need to be tuned based on experimental data. The measurement of identified particle 
production in pp collisions gives input for event generators to model soft parton 
interactions and the hadronization processes. Results from pp collisions are also 
used as a baseline to understand the medium effects present in heavy-ion collisions. 
ALICE measurements [1] from lower energies in pp collisions show that model 
predictions give a qualitative description of p/7 and K/r! ratios as a function of pr, 
but fail to describe it quantitatively. 

Stable particles like 7*, K~, p and p are identified in the rapidity region |y| < 
0.5 with various ALICE sub-detectors: the Inner Tracking System (ITS), the Time 
Projection Chamber (TPC), the Time Of Flight detector (TOF) and the High Momen- 
tum Particle Identification Detector (HMPID), by using different PID techniques [1]. 
Resonances (K*°, ¢) and multi-strange baryons (Q*, &~) are reconstructed through 
their hadronic decay daughters using invariant mass technique. Full description of 
the analysis technique can be found in [2, 3]. 


1¢9} 


‘As particles and anti-particles are produced in approximately equal abundance at LHC energies, 
the notations p/m and K/r refer to (p + p)/(m* + 7) and (K* + K~)/(a* + 77) respectively. 
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116.2 Results 


The p/m and K/z ratios measured in |y| < 0.5 as a function of pr are shown in 
Fig. 116.1 for ./s =0.9, 7, and 13 TeV. These ratios are also compared with PYTHIA 
8 Monash-2013 [4]. The py dependent K/r ratio at ./s = 13 TeV is consistent with 
the two lower energy measurements, but the maximum in the p/7 ratio shows a slight 
shift towards higher py with increasing ./s. Figure 116.2 shows the K*°/K (left) and 
the #/K (right) ratios as a function of ./s. Results from pp collisions at ,/s = 13 TeV 
are compared with other lower energy measurements [2, 5—7]. No significant energy 
dependence is observed for these ratios in pp collisions. ¢/K ratios in heavy-ion 
collisions are consistent with the measurements from pp collisions. However, K*°/K 
ratios in heavy-ion collisions are found to be lower with respect to pp collisions. This 
decrease in K*°/K ratios can be understood as the re-scattering of K* decay daugh- 
ters in the hadronic phase [7]. The pr integrated K/7 and p/r ratios are observed to 
be independent of collision energies for ./s > 0.9 TeV. 


PYTHIA 8 Monash 
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Fig. 116.1 Left panel shows the p/z ratios and right panel shows the K/r ratios as a function of pr 
for three different collision energies. The lines show PYTHIA 8 Tune Monash-2013 predictions 
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Fig. 116.2 pr integrated K* 7K (left) and ¢/K (right) ratios as a function of ./s. The results are 
compared with measurements at lower energies 
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The pr integrated hyperon to pion ratios as a function of ./s are shown in 
Fig. 116.3. A hint of increase is observed for hyperon to pion ratios at ./s = 13 TeV 
with respect to lower energy data. This enhancement in multi-strange baryon produc- 
tion may be related to the increase of strange and multi-strange particle production 
as a function of multiplicity in pp collisions [8], as the charged particle multiplicity 
density increases with the collision energy. 


116.3 Conclusions 


The py dependent p/7 and K/r ratios do not show any significant energy dependence 
at LHC energies and PYTHIA 8 describes the shape of these ratio qualitatively but 
not quantitatively. The py integrated K/7, p/w, K*°/K and #/K ratios are energy 
independent for \/s > 0.9 TeV, however Q/7z and &/r ratios are showing a hint of 
an increase with /s. In the future, multiplicity dependent studies in pp collisions at 
13 TeV will help to disentangle the effect of collision energy and event multiplicity 
in the production of identified particles in pp collisions. 
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Chapter 117 ®) 
Constraints on Leptophilic Light Dark ere 
Matter from Internal Heat Flux of Earth 


Bhavesh Chauhan and Subhendra Mohanty 


117.1 Introduction 


There is evidence for gravitational interaction of Dark Matter (DM) from rotation 
curves, and lensing measurements [1, 2]. However, the particle nature of DM (i.e. 
mass, spin, and interactions) remains a mystery. The search for recoil from scattering 
of DM particles in terrestrial experiments has only given null results thus far. In these 
experiments, the ionization of electrons is attributed to background radioactivity, and 
only non-ionizing scatterings are considered. As a result, the bounds on leptophilic 
DM which scatter with the electrons are weak [3]. 

We investigate the gravitational capture of leptophilic DM, and its subsequent 
annihilation/decay in Earth. DM in our local neighbourhood can scatter off elec- 
trons of the Earth, lose energy, and be gravitationally captured by an Earth. After 
accumulating inside, these DM particles can annihilate/decay into SM states, thus 
heating up the Earth. We estimate the heat produced from this process and compare 
with the experimentally measure value of 44 TW [4]. Measurement of geo-neutrinos 
indicates that 20-25 TW is contributed by the nuclear reactions [5] while the origin 
of remaining heat output is uncertain. In this work, we have taken a conservative 
estimate of 25 TW as the upper limit of heating by DM annihilations. 

This article is organised as follows. In Sect.117.2 we evaluate the capture 
rate of DM by Earth, and the heat produced by subsequent annihilations/decays. 
In Sect. 117.3 we discuss the results and compare with bounds from XENONIO 
experiment. 
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117.2 Heat Flux from Dark Matter 


We assume that the galactic DM is thermal and follows Maxwellian distribution 
characterised by v = 300km/s. The local dark matter density is assumed to be 
0.4GeV/cm? [6]. Following [7], the rate capture of DM particles by Earth is given 


as, 
3\3/2 a4 ; Xmax 1.42x+1.72 ye 
Fa svi (;) matin [asf o0(Serx) 
(117.1) 


this expression was derived using the conditions that in order for the incident DM 
particle to be gravitationally captured, it must first intersect the Earth such that it 
travels at least a distance Rg inside. It is also necessary that such a particle must 
lose sufficient energy via scatterings with electrons of Earth such that it is scattered 
inside the Hill sphere of Earth. Such constraints appear as limits of integration in the 
above expression. 

The mass of DM particle (m,) and the scattering cross section with electrons 
appear in Xa, and g(ay¢) [7]. With reasonable assumptions, it can be seen that for 
both annihilations and decays, the heat produced by Earth is given by, 


H =F x my (117.2) 
Fig. 117.1 The region —25 
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from XENON10 is shown in 
red - 30 
a 
r= 
3 
4 
& -35 
D 
° 
J 
-40 
-8 -6 -4 =i f) 2 


Log[m ,/ GeV] 


117 Constraints on Leptophilic Light Dark Matter ... 503 


Given the mass of DM and scattering cross section with electron, the heat flux can 
be estimated. We exclude the parameter space that gives H > 25TW in Fig. 117.1. 
Similar analysis has been done for the Moon and Jupiter, however, the best and most 
reliable constraints are generated by Earth [7]. 


117.3. Results 


Using the heat flux of Earth, we have excluded parameter space for low mass DM 
which has not been ruled out yet by direct detection experiments. In Fig. 117.1 we 
show the latest bounds on sub-GeV dark-matter from [3], as well as the new bounds 
from this analysis. We put novel limits on the scattering cross section of leptophilic 
DM and electrons in the mass range 1 eV—3 MeV. This result will be useful for testing 
already established and future models of leptophilic dark matter with mass in sub- 
MeV domain. 
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Chapter 118 ®) 
Ion Backflow Studies Related une 
to a Proposed Micromegas Based TPC 

for the International Linear Collider 
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Supratik Mukhopadhyay, Nayana Majumdar, Sandip Sarkar, 
Paul Colas, David Attié, Serguei Ganjour, Aparajita Bhattacharya 
and Sudeb Bhattacharya 


118.1 Introduction 


The IBF is a secondary effect, occurring even in the MPGDs, that limits the perfor- 
mance of a TPC in a high-rate environment [1, 2]. The ions produced during charge 
multiplication partially flow back to the drift volume of the TPC. IBF is estimated as 
the ratio of the average number of backflowing ions (NV;) to the average number of 
ions produced (N,) during amplification. Thus, the ion backflow fraction, JBF = ae 
Micromegas is a kind of MPGD which has stable high gain, good space and energy 
resolutions and intrinsically low ion feedback. It is an efficient candidate for the 
ILD-TPC. Previously [3] we have reported the basics of IBF measurement in MM. 
Here we report few advancements in our study so as to measure IBF more accurately 
in the context of a TPC. 
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118.2 Experimental and Numerical Studies 


At the SINP test bench, we have installed a small drift chamber (Fig. 118.1a) setup 
that consists of a Micromegas readout, two drift meshes and a Wilson seal system 
to mount the Fess source. The details of the setup may be found in [3]. We have 
measured ion currents from the lower drift mesh (J-) and the Micromesh (Jy,). 
The sum, Jc + Iy gives the average ion produced during avalanche and Jc is the 
number of ions that flow back to the drift volume. Hence experimentally we define 
IBF as IBF = ae We used the Danfysik and CAEN AH401D pico-ammeter to 
measure [jy and Jc respectively. While measuring currents, the respective electrode is 
grounded and the applied high voltages of other electrodes are accordingly changed 
such that the field configuration remains the same. The reason of using two drift 
meshes at same potential is to adopt a TPC-like environment with the small drift 
chamber. When there is only one drift mesh, the ions produced within the region, 
above the drift mesh will also be collected on the drift mesh (Fig. 118.1la). Therefore, 
considering the case of a TPC-cathode, the ion current on the drift mesh will be 
higher than what is expected. To block those ions we used another drift mesh on top 
of the existing drift mesh. For further advancement, we have then applied and varied 
an electric field, Ez (direction of Z is shown in Fig. 118.1a) between the two drift 
meshes in order to improve the measurement. 


Results: We have used standard Micromegas of amplification gap of 128 1m, and 
pitch of 63\1m. IBF in two different gases- Ar95%:CF43%:Iso2% (T2K gas for 
ILD-TPC), and in Ar95%:Iso5% have been measured. Figure 118.1b shows that IBF 
in T2K gas is smaller and the reason is that T2K has smaller diffusion coefficient. 
A set of different fields have been applied between the drift meshes. As shown in 
Fig. 118.2a, IBF is smaller when the field is positive, that is, upper drift mesh is in 
negative potential. The positive field helps the upper drift mesh to collect more of 
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Fig. 118.1 a Schematic of the Drift chamber b IFB for two different gas mixtures 
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Fig. 118.2 a IBF with different fields between the drift meshes. b Simulated field values for the 
same configurations 


those ions that are produced in lower and upper drift gaps (Fig. 118.la). This also 
gives proper Jc measurement from lower drift mesh, like a TPC. 


Numerical Study: Along with the experimental study, we have also pursued numer- 
ical study to comprehend the field orientation between the two drift meshes. In 
Fig. 118.2b, the filed variation is showed. When the upper drift mesh is negative with 
respect to the lower one (e.g., Vyz= —50 V), the variation of field in lower drift gap 
is relatively smaller than other configurations. This ensures uniform drift field for 
the setup. A very high positive field, on the either hand, is not expected in the upper 
drift gap since that may cause to start ions collection from lower drift gap as well 
(Fig. 118.1a). 


118.3 Conclusion and Acknowledgement 


The IBF in a Micromegas is measured to be intrinsically low (below 1%). Effect 
of different gas mixtures is studied. We applied different fields between the two 
drift meshes. A positive field (from lower to upper drift mesh) is helpful to get 
proper ion current measurement from the lower drift and accurate IBF estimation. 
We Acknowledge IFCPAR/CEFIPRA (project 4304-1) for partial funding. 
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Time Resolution and Characteristic ey 
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Based Gas Mixtures 
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and Y. P. Viyogi 


119.1 Introduction 


The development of MWPC by Charpak [1] revolutionized the field of experimental 
nuclear and high energy physics. It found immense applications in medical imaging 
also [2, 3]. In VECC, Kolkata we have developed many small scale prototypes of 
MWPC detectors for the characteristic studies in terms of its efficiency, gain and 
time resolution with various gas mixtures. 


119.2 Experimental Details and the Test Results 


The MWPC detector contains an anode wire plane in between two conducting planes 
named as drift plane and the readout plane. The distance of the anode plane is 3mm 
from both the drift and readout planes. Anode wire diameter is 20j1m and wire 
spacing is 2.8mm. More details about the detector are given in [4]. The detector is 
tested using Ar/CO2 gas mixture in 70:30 and 90:10 ratios in flow mode at laboratory 
temperature and pressure. 
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119.2.1_ Efficiency and Gain 


The efficiency of the detector is measured with !°°Ru B-source using a 3-fold trigger 
setup made up with three scintillator detectors - two crossed scintillators above and 
one scintillator below the MWPC under study. The efficiency as a function of applied 
high voltage (HV) is shown in Fig. 119.1 for both gas mixtures. In the plateau region 
the efficiency is ~94% in both cases. 

The detector is also tested using *°Fe 5.9keV X-ray source to measure the gas 
gain. The anode energy spectrum of >>Fe at 1900 V in Ar/CO) (70:30) gas is given in 
Fig. 119.2a. The anode signal induces an opposite polarity signal in the readout. The 
induced charge is shared by the readout and the drift plane equally. We measured the 
charge sharing fraction. This is shown in Fig. 119.2b. The charge fraction is found 
to be ~48 and ~47% for the two cases. 

The gain of the detector is calculated from the mean ADC of the *Fe spectrum 
with a Gaussian fitting is shown in Fig. 119.3a as a function of HV. We find that in 
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Fig. 119.1 Efficiency as a function of HV in Ar/CO> 70:30 and 90:10 gas mixtures 
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Fig. 119.2. a Fe energy spectrum at 1900 V in Ar/CO> 70:30 gas, b Charge fraction induced in 
the readout 
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Fig. 119.3. a Gain variation as a function of HV in Ar/CO2 70:30 and 90:10 gas, b Efficiency as a 
function of gain 


case of Ar/CO, 90:10 gas has higher gain at low operating voltage compared to the 
At/CO) 70:30 because of larger fraction of Argon content. 

Efficiency of the detector should depend on the gain only, providing all other 
setup condition same. This is demonstrated in Fig. 119.3b where efficiency is plotted 
versus gain for the given HV. 


119.2.2. Time Resolution 


Time resolution of a detector depends on spatial distribution of the primary charge 
cluster, electric field, gas and pressure. In this study time resolution was measured 
with both gas mixtures. It was measured using the 3-fold scintillator signal as a start 
signal of a ORTEC TAC and the fast logic signal of the detector as stop signal. 
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Fig. 119.4 a Time spectrum at 2075 V in Ar/CO2 70:30 gas, b o; variation as a function of HV 
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Fig. 119.4a shows a typical time spectrum at 2075 V with Ar/CO, 70:30 gas mixture, 
using which we obtained o, ~ 10ns. The time resolution (0;) as a function of HV 
for the two gas mixtures is plotted in Fig. 119.4b. 


119.3. Summary 


A number of small prototype MWPC detectors were fabricated and operated with 
At/CO, 70:30 and 90:10 gas mixtures. The efficiency, charge fraction, gain, timing 
resolution have been measured using radioactive sources. A comparative study of 
gain and efficiency has also been performed. Gas gain approaching 10* is achieved 
for both the gas mixtures. Time resolution of the detector is also measured with 
different gas mixtures and o; value of ~10ns is obtained. 
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Chapter 120 ®) 
BRST Qantization on Torus Knot Sef 


Vipul Kumar Pandey and Bhabani Prasad Mandal 


120.1 Introduction 


The celebrated BRST transformation [1] characterized by an infinitesimal, anti- 
commuting, global parameter are extremely powerful tools in describing various 
renormalizable field theoretic models. Thus it is important to study BRST formula- 
tion for all models. To the best of our knowledge there were no BRST formulation 
for a particle which is constrained to move on the surface of torus knot. Knot theory 
[2, 3], based on mathematical concepts has found immense applications in various 
branch of frontier physics. Knot invariants in physical systems were introduced long 
ago and has got considerable impact during last one and half decades [2-6], especially 
when interpreted as Wilson loop observable in Chern-Simon(CS) theory [5]. 

In this paper we discuss for the first time the BRST/anti-BRST formulation for 
a particle on the torus knot [7]. We further construct the nilpotent charges which 
generates these transformations by using the constraints of the system. 


120.2 Particle on a Torus Knot 


Lagrangian for a particle on surface of torus knot is given by [4, 6] 


1 47° +6 + sinh 7’ ¢? 


L=-—=ma A(pé + gg) (120.1) 
2 (cosh 7 — cos 0)? Cor ae 
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where (7, 8, &) are the toroidal coordinates for toric geometry, p and g are co-prime 
integers, and \ is Lagrange multiplier. The constraint that forces the particle to move 
in knot is imposed as (p@ + gd) © 0. The Hamiltonian for the particle on torus knot 
corresponding to this Lagrangian is then written as 


re (cosh n — cos 0)” Ps, 


: E + p5t 


: | + A\(pé + gd) (120.2) 
sinh 7) 


ma 
This model is analogous to the rigid rotor model discussed in [8]. 

To quantize the system and realize the physics, we have to diagonalize the system 
in presence of the constraints 6 = (p# + qd) © 0. To execute this, we will discard 
the [8] terms proportional to Pa and Ds, as they don’t commute with the constraint 
equation. The effective Hamiltonian for this system keeping the essential physical 
content of the theory intact is then written as 


h1 — cos 6)? 
qo OE 7 aged (120.3) 


ma 


120.3 Particle on Torus Knot as Gauge Theory 


The constraint which doesn’t commute with unphysical operators is to be identified 
with the generator of gauge transformations. In this case the gauge transformation is 
an unitary operator of the form [8] 


Up = e FOP (120.4) 


where f (f) is an arbitrary c number and function of t. Under this transformation only 
Po and pz transform non-trivially. First order Lagrangian for torus knot is written as 


(cosh n — cos 0)” 
fl p2—MpO+qe) — (120.5) 


Le = pnt + pad 

Pn + pod + Pod maz 
Here we have enlarged the dynamical degrees of freedom to include the Lagrange 
multiplier \ and its canonically conjugate momentum p). This Lagrangian is invariant 
under following time dependent gauge transformation [8] 


(120.6) 


as under this gauge transformation the Lagrangian corresponding canonical 


Hamiltonian H, changes only by a total time derivative, Lif) (pd + q@)]. 
Hence the action is invariant under gauge transformation in (120.6). 
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120.4 Gauge Fixing and BRST Transformation 


To construct the BRST and anti-BRST symmetry for the particle on the surface of 
a torus knot we consider the gauge invariant Lagrangian of the torus knot obtained 
in last section and replace the gauge transformation in (120.6) by introducing new 
anti-commuting variables c and c and a commuting variable b such that the BRST 
transformations 


dA=-C, Opp=pc, Ops= qe, dC =—py=b 
Op, = 6n = 60 = b6 = dpy = 6c = 0b =0 (120.7) 


are nilpotent in nature. The gauge fixed effective Lagrangian which is invariant under 
this kind of BRST transformation is then constructed as 


2 : . (cosh n — cos 6)? 2 - pe Pe 
Lege = Pn + po? + pod mad Py, — A(PO + gb) — BL A— a 
BP. 
a ae (120.8) 


The BRST charge which generates the transformation in (120.7) is written as 
OQ, = —ic(p0 + gd) — icp. (120.9) 


The Lagrangian (120.8) is also invariant under anti-BRST transformation in which 
role of c and —c are interchanged. 
The nilpotent charge for the anti-BRST symmetry is written as 


Qap = ic(pO + qo) + icp) (120.10) 

It is straight forward to check that these charges are nilpotent i.e. Oo; =0= ee 
and satisfy 

{Q,, Qav} = 0 (120.11) 


Notes and Comments. We for the first time construct BRST/anti-BRST transforma- 
tions for particle moving on torus knot. The nilpotent BRST/anti-BRST charges are 
constructed which produce such nilpotent transformations. Our formulation will be 
helpful in characterizing various field theoretic models defined on torus manifold. 
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Chapter 121 @) 
Single and Double Differential Drell-Yan sv 
Cross Section Measurements Using the 

CMS Detector 


Genius Walia 


121.1 Introduction 


The Drell-Yan (DY) [1] event is the best studied physics process at the Large Hadron 
Collider (LHC) due to very clean final state of a pair of isolated and opposite sign 
leptons. The total and differential cross sections, for the DY process have been calcu- 
lated up to the next-to-next-to-leading order (NNLO) in the perturbation theory. At 
the LHC, the measured cross section as a function of the accessible dilepton invariant 
mass varies over about 9 orders of magnitude and it matches the prediction within 
few percent. A thorough understanding of the origin of the transverse momentum 
(pr) of the vector bosons is essential for future high precision measurement of W- 
boson mass. In recent years, a new variable ¢* [2] has been proposed which utilizes 
the angular correlation among the leptons as a measure to probe p7. The first mea- 
surement of the differential cross section do/d¢* for the DY in the Compact Muon 
Solenoid (CMS) experiment at ./s = 8 TeV is presented [3]. The rapidity depen- 
dence of this distribution is measured in terms of a double-differential cross section 
d*a/do*d|y| and is reported here. 


121.2 Analysis Strategy 


The work presented in this paper is based on single muon data collected by the CMS 
[4] experiment during the 2012 run corresponding to the total integrated luminosity 
of 19.fb~!. The simulation samples are used to model the signal (DY) and various 
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background processes. The hard-scatter part of signal and some of the dominant 
background processes have been generated using matrix element (ME) calculations: 
either MADGRAPH [5] at leading order(LO) or POWHEG [6] at next-to-leading 
order (NLO). 

The online di-muon event selection is done using inclusive single-muon trigger 
requiring pr > 24GeV and muon pseudo-rapidity (|7|) < 2.1. For muon reconstruc- 
tion, Particle Flow Algorithm is used, which relies on an optimised combination of 
information from the various elements of the CMS detector. Reconstructed muon 
candidates are then required to satisfy CMS recommended identification and isola- 
tion selection criteria. The oppositely charged dimuon events with invariant mass in 
the range 60 < M,,,, < 120 GeV are retained, in which one muon, consistent with the 
trigger, satisfies pr > 30GeV and |n| < 2.1, while the other has pr > 20GeV and 
|n| < 2.4. For data simulation comparison, various correction factors are applied on 
both the data and simulated samples. 

The event selections described above leads to a very pure Z-boson events, with 
less than 0.1% background contamination. The inclusive production of tf and di- 
boson production are the major background processes and are estimated from the 
simulation. After the removal of estimated background using bin-by-bin subtraction, 
the data is unfolded from the reconstructed distribution to the true produced ¢* 
distribution. The variation of reconstructed ¢* as function of generated ¢* is of the 
order of 1% for 1-dimensional case. For the two dimensional unfolding, 216 bins 
has been defined corresponding to 36 ¢* bins and 6 |y| bins and the bin-migration is 
of the order of 6%. 


121.3. Results and Discussion 


The measured cross sections are compared with three different theoretical predic- 
tions: (i) ResBos [7], Gi) POWHEG interfaced with PYTHIA6 and (iii) MAD- 
GRAPH. The total cross sections for the theoretical predictions, except for ResBos, 
are scaled to the value calculated using Fully Exclusive W, Z Production (FEWZ) 
simulation code. The uncertainty of the data distribution is dominated by the fully 
correlated uncertainty on the integrated luminosity (2.6%) of the data sample. The 
uncertainty on the MADGRAPH distribution is dominated by the Parton Distribu- 
tion Function (PDF) uncertainty of the FEWZ calculated on the cross-section. For 
POWHEG the uncertainty is dominated by the PDF uncertainty calculated by varying 
the CT10 PDF. 

The absolute and normalised cross sections measured in the di-electron and 
di-muon channels are combined using the best linear unbiased estimator (BLUE) [8]. 
None of the predictions matches the measurements perfectly for the entire range of 
o* covered in this analysis. Figure 121.1 shows MADGRAPH provides best descrip- 
tion with a disagreement of at most 4% over the entire range. ResBos successfully 
describes the data at low ¢* and has a disagreement up to 9% for ¢* > 0.1. POWHEG 
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Fig. 121.1 The measured single (left) and double (right) differential cross sections after BLUE 
combination [3] 


interfaced with PYTHIA6 provides the least accurate prediction, with a disagreement 


up 


to 8% for ¢* < 0.1 and up to 18% for ¢* > 0.1. 
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Chapter 122 @) 
Study of the Associated Production crest 
of Higgs Boson with a Single Top Quark 


Pallabi Das 


122.1 Introduction 


According to the Standard Model (SM), the Higgs to fermion coupling (y/) is pro- 
portional to the fermion mass. Top being the heaviest fermion, top to Higgs coupling 
(y;), is expected to be the largest and is of O(1). At the LHC, associated production 
of Higgs with top quark pair pp — tfH is used for measuring y,. However, y; can 
also be estimated with the pp — tHq process [2], representative Feynman diagrams 
are shown in Fig. 122.1. 

The magnitude of t Hq production cross section is driven by the interference of 
two diagrams where the Higgs couples to either a W boson or a top quark. In SM, 
these two amplitudes interfere destructively; as a result, the cross section is very low: 
~ 71 fb in pp collisions at 13 TeV center of mass energy. If there are effects beyond 
SM, due to anomalous coupling of Higgs, it can lead to a large enhancement of the 
cross section. Hence, in addition to measuring the y,, this process is also sensitive to 
the relative signs of coupling of Higgs to W boson (WW #7) and top quark (tt). 


122.2 Event Selection 


Criteria for the selection of signal events have been derived from the study of simu- 
lated samples. In the multi-leptonic final state of the signal, the major contribution 
is from Higgs decays through W boson pairs (H — WW). We consider the case 
where one of the W decays leptonically and the other hadronically. For the top decay 
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Fig. 122.1 Leading-order diagrams of pp — t Hq process 


(t — Wb), leptonic decay of W has been considered (W —> /v), leading to two lep- 
tons in the final state. We choose the same sign pair of leptons since it has lesser 
background as compared to the opposite signed pairs. For ~*~ final state, the pr 
of the two same sign leading muons satisfying the stringent criteria based on recon- 
struction and isolation, is required to be above 20 GeV within a pseudorapidity region 
|n| < 2.4. Any event having a third electron/muon which also passes the stringent 
criteria for selection with pr > 20GeV is rejected. Also, there should not be any 
hadronically decaying tau in the selected event. 

Jets are required to have pr greater than 25GeV within |n| < 4.5. They may 
be identified as originating from a b quark based on a set of special criteria within 
|n| < 2.4. The event is required to contain at least one b tagged jet from the top 
decay. The light quark in the t Hq final state is expected to be in the forward rapidity 
region. The jet with the highest |7| which fails the b tag requirement is tagged as the 
forward jet. As one W decays hadronically, we require at least three jets in the event. 


122.3 Signal Discrimination 


The simulated tHq signal is discriminated from the main backgrounds, tf and ttH 
production processes, using a boosted decision tree (BDT) classifier. The classifier 
performs a multi-variate analysis based on event characteristics and the output value 
determines whether the event is signal or background like. From the BDT output, 
we have obtained moderate separation between signal and background like events 
as can be seen in Fig. 122.2. 

The set of discriminating variables given as inputs to the classifier are shown in 
Fig. 122.3. 
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Fig. 122.3 Classifer inputs: a 7 gap between the forward jet and the nearest jet or lepton, b 
maximum |7| of light quark jets with |n| > 1.0, ¢ @ difference between the two leading muons, d 7 
gap between the best b tagged jet and the forward jet, e pr of the sub-leading muon, f scalar sum 
of pr of all jets, g number of b jets in the event 
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122.4 Conclusions and Outlook 


The preliminary results from simulation study of signal and dominant backgrounds 
are presented. In order to have better separation power between the background 
process and signal, other kinematic variables are currently being explored taking 
into account other background processes, such as tfZ, ttW etc. e*w* and e*e 
final states are also being considered. The dominant background to the tHq process 
are “fake” leptons from t7 process, the rate of which are determined from data for 
data/MC comparison in the completed analysis [3]. 
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Chapter 123 ®) 
Search for Model Independent Di-Higgs ere 
Production in the bb7;,7;, channel at 

CMS 


Ram Krishna Dewanjee 


123.1 Introduction 


While the mass of the Standard Model (SM) higgs boson (H) is now known, it is 
still not sufficient to fully unravel the nature of electroweak symmetry breaking. 
Measurement of Higgs self-coupling allows to probe higher order terms in the Higgs 
potential which in SM is given by: 


V= seh + Av}, + ‘0 

with my = 125GeV and v = 246GeV. The tri-linear higgs self-coupling (Av) can 
be measured via di-higgs production [2]. The leading order (LO) feynman diagrams 
for SM di-higgs production are shown in Fig. 123.1a, b. Due to the destructive inter- 
ference of the two diagrams, di-higgs cross section within SM is small [3](10.16 fb at 
a/s = 8 TeV). This type of di-higgs production will be referred to as Non resonant 
production. Many BSM theories predict enhanced di-higgs production rate (up to 
1 pb) if a heavy resonance X decays to a pair of higgs bosons [4] e.g. spin 0 (radion) 
or spin 2 (graviton). LO feynman diagram for such Resonant di-higgs production is 
shown in Fig. 123.1c. 
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Fig. 123.1 LO Feynman diagrams for Non resonant (a and b) and Resonant (ce) di-Higgs 
production. [6] 


123.2 Analysis Strategy and Event Categorization 


Due to the presence of b-quarks in the final state, the analysis is binned in b-tagged 
jet multiplicity. Three event categories: 2JetOtag, 2Jetltag and 2Jet2tag are defined 
depending on the number of jets passing b-tagging criteria out of the two (non T;) 
jets in the event that have the highest b-tagging score (pr > 20GeV, |n| < 2.4!). 
Besides, two opposite sign 7; jets are also required (pr > 45 GeV, |n| < 2.1) in the 
event. Additional selections (e.g. mass window cuts on di-jet and di-tau invariant 
masses, kinematic fitting of the di-jet system and vetoing any event containing an 
electron/muon) are applied to reject backgrounds. 


123.3. Backgrounds 


Important backgrounds for both resonant and non resonant di-Higgs searches are: 


1. Drell-Yan+Jets/Z — 7;,7,,: This is the dominant irreducible background in 
both searches and is estimated from Z — jus events in data from which the 
muons are removed and replaced by 7; with similar kinematics from simulation 
(Embedding). 

2. W+Jets: It is caused by a jet/j faking a 7). It is modelled in shape from 
simulation and in normalization from a high m7? region (mr > 70 GeV) in data 
having high purity of W+Jets events. 

3. QCD MultiJets: This is the dominant reducible background in both analyses 
and is estimated from data using control regions defined by di-tau charge and 
isolation. 

4. tt+Jets: Itis estimated in shape from simulation and in yield from a tf enriched 
control region. 

5. Drell-Yan+ Jets/Z — //(1 = e/j): This background primarily arises from e—> 
T, and —> 7), fakes and is estimated from simulation. 


' pr: transverse momentum of jet, 7: jet pseudo-rapidity. 


2Por example, for a W— /v decay, Transverse mass is defined as: V2p-Er( — cos d), where 


p' =lepton pr, Ey = missing transverse energy (MET) and ¢ is the angle between them. 
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Fig. 123.2 Upper limit at 95% CL; on o(gg — X) x BR(X — HH) for Radion/Spin-0 (a) and 
Graviton/Spin-2 (b) hypotheses at 8 TeV center-of-mass energy as function of resonance mass 
(mx). [6] 
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6. WW/WZ/ZZ-+-Jets: This is asmall background in both searches. It is estimated 
from simulation normalised to Next to LO (NLO) cross sections at 8 TeV. 

7. Single Top: It is estimated from simulation and is normalised to NLO cross 
sections at 8 TeV. 

8. SM Higgs Background: This is the sum of all processes involving decay of 
SM Higgs boson which pass the event selections. It is also completely estimated 
from simulation. 


123.4 Results 


In both these searches, no signal was observed. Hence exclusion limits were set on 
the cross-section for di-Higgs production via a binned maximum likelihood fit to 
the data [6]. While resonant di-Higgs search used the di-Higgs mass (m7), a new 
observable called the stransverse mass (772) [5] was used for the non-resonant search 
to suppress the t¢+jets background. The limits for the resonant search are shown in 
Fig. 123.2a, b. The non-resonant search limit stands at 0.50 pb (0.87103 pb) observed 
(expected) corresponding to 50 times (86 times) the SM di-Higgs cross-section. 
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Chapter 124 

Double Parton Scattering Studies at the cro 
Large Hadron Collider Using the CMS 
Detector 


R. Kumar, A. Mehta, R. Gupta, S. Bansal, V. Bhatnagar, K. Mazumdar 
and J. B. Singh 


124.1 Introduction 


The hard scattering between the partons from the colliding hadrons is characterized 
by the presence of a particle or a cluster of particles with large mass or large transverse 
momentum (pr). At high energy collisions, the parton densities are large enough to 
cause a significant probability for two or more parton-parton scatterings within the 
same hadron-hadron collision, known as multiple parton interactions (MPI). Exactly 
two hard parton-parton scatterings in a proton-proton (pp) collision leads to DPS, a 
subset of MPI. 

A number of DPS measurements have been performed using events from pp and 
pp collisions in different final states and at different centre-of-mass energies, e.g., 
measurements with multi-jet final-states at ./s = 63 GeV, 630 GeV, 1.8 TeV and 
7TeV [1-4]; in 7 + 3 jets events at ./s = 1.8, 1.96 and 7TeV [5-7]; in W + jets at 
/s = 7TeV [8, 9]; and in same-sign WW events at ,/s = 8 TeV [10]. 

The effective cross section (eg) for a hadron-hadron collision is defined as the 
measure of the transverse distribution of partons inside the colliding hadrons and their 
overlap in a collision. This paper presents the measurement of ce using the study 
of double parton scatterings being done with data collected by the CMS detector 
[12] using the W + 2-jet process at ./s = 7TeV, and same-sign WW process at 
a/s = 8 TeV. 
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124.2 DPS Using Same-Sign W Boson Pairs 


A useful feature of the same-sign W boson pair production is the cross section, 
which is comparable for DPS and SPS, whereas in opposite-sign W pair production 
the cross section for SPS events dominates over the DPS one by a large factor. The 
decay of two same-sign W bosons in muonic final state is considered for this analysis 
[10]. The data sample corresponds to an integrated luminosity of 19.7 fb~! at 8 TeV. 
In case of DPS the two W bosons are produced in first approximation independent of 
each other, and they are expected to be randomly distributed in the azimuthal plane 
and with less pr as compared to SPS production. Hence, the muons produced from 
DPS are less boosted as compared to the leptons produced from SPS and there would 
not be any correlation between the two muons in the azimuthal plane. After several 
control and validation studies, a Multi-Variate Analysis (MVA) using a Boosted 
Decision Tree (BDT) has been performed in order to improve sensitivity to DPS 
events with respect to a single observable study. The idea is to use the BDT estimator 
to get a response shape with the highest possible DPS sensitivity; therefore many 
sensitive kinematic observables have been put into the BDT training process. The 
BDT response is studied on top of the same-sign offline base selection and results. 

The upper limit on the WW production cross section by DPS is observed to be 
1.12 pb, which is calculated using the ratio of the measured DPS yield with respect 
to the yield expected from Monte Carlo (computed using CLs method based on 
modified frequentist approach). The lower limit on Og is calculated to be 5.91 mb, 
which is consistent with the previous measurements. 


124.3 DPS Using W + 2-Jet Events 


The study of DPS using W + 2-jet events at a centre-of-mass energy of 7 TeV, col- 
lected by the CMS detector in 2011, has also been performed [9]. The data sample 
corresponds to an integrated luminosity of 5fb~!. Events with a W boson, recon- 
structed from the muon and missing transverse energy information, are required to 
have exactly two jets. The determination of the effective cross section (Cer) requires 
the measurement of the fraction of DPS events in the selected sample of W + 2-jet 
events (fpps). For the measurement of fpps the correlation observables, sensitive 
to DPS, are investigated. It is observed that the simulations of W + jets events 
with MADGRAPHS + PYTHIA8 (or PYTHIA6) and NLO predictions of POWHEG2 + 
PYTHIA6 (or HERWIG6) provide a good description of the observables, and describe 
the data only if multiple parton interactions are included. The standalone PYTHIA8, 
due to missing higher order processes, is not able to provide a good description of 
the selected data events. 

The fraction of DPS in selected W + 2-jet events is extracted using DPS signal, 
and single parton scattering (SPS) background templates produced by simulations. 
The obtained value of the DPS fraction is 0.055 + 0.002 (stat.) + 0.014 (syst.). The 
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Cet iS calculated to be 20.7 + 0.8 (stat.) + 6.6 (syst.)mb. This measured value of 
Cerf 1S also found to be consistent with the PYTHIA8 model predictions. 


124.4 Conclusions 


A firm decision of the invariance of the effective cross section with respect to centre- 
of-mass energy can not be drawn due to large systematic uncertainties. The low 
sensitivity of the correlation observables, used to extract the fraction of DPS in 
the selected sample, is one of the reasons behind the large systematic uncertainty. 
Therefore, it is required to look for new channels as well as new observables with 
enhanced sensitivity to DPS [11]. For the proper understanding of invariance of the 
effective cross section, it is required to perform the measurement with same final 
state at different centre-of-mass energies. The ongoing LHC run at a center-of-mass 
energy of 13 TeV will be important for the study of invariance of the effective cross 
section. 
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Chapter 125 @) 
Supernova Neutrinos: Fast Flavor a 
Conversions Near the Core 


Manibrata Sen 


125.1 Introduction 


Core collapse supernovae (SN) offer a fascinating environment to study neutrino 
flavor evolution in dense environments. Very recently, it was predicted that fast 
flavor conversions, occurring with a rate pw ~ M2G Fn, (n, is the neutrino density), 
can happen very near the SN core, as opposed to the well-known collective effects, 
occurring at r ~ O(107) km [1, 2] or the MSW effect at r ~ O(103) km [3, 4]. A 
necessary condition for this seemed to be a non-trivial angular distribution in the 
neutrino emission spectrum [5, 6]. Based on these claims, we make a detailed study 
of these fast flavor conversions. We focus on regions close to the SN core and hence 
model the source as a flat geometry as shown in the left panel of Fig. 125.1. We redo 
the linear stability analysis (LSA) with a physically well motivated angular emission 
spectrum, where the v,, which decouple later than the v,, 1, have a larger flux and 
wider angular distribution than the latter. We study possible instabilities for neutrino 
flavor evolution in space as well as time, and for the first time, include backward 
going modes also. Finally, we verify our LSA results with numerical results from 
the fully non-linear evolution. 


125.2 Set-Up of the Problem 


Neutrino flavor evolution in a dense media is explained with space-time dependent 
Wigner functions 0p»x,; with momentum p at position x and time ¢. The equation of 
motion (EoM) is 
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Ae O10am 


Fig. 125.1 Left panel shows schematic polar plots of the angular distributions of the v, (blue), i. 
(red), and 1, (green) emission fluxes. Middle panel shows a spectrum with no ingoing 1 or i, 
while the right panel shows ingoing ve and i 


O; Op,x,t + Vp: Vx Op,x,t _ —i[ 2px, Op,x,t] , 


Here we have neglected external forces acting on the system as well as collisions. The 
Hamiltonian matrix is 2p = Qyac + Qusw + Viv, where Qyac = diag(—w/2, +w/2) 
is the vacuum term with w = Am? /2E; Qmusw = A diag(1, 0) is the matter term 
with \ = /2G pn-, where n, is the electron density; and 2,, = J/2G pr if as (0q — 
0q)(1 — Vp - Vq) is the multi-angle neutrino-neutrino interaction term. Since the total 
number of neutrinos is always conserved, we can write 


1 Jwr.9 [ Suv. Suv. 
Quip = 5TH(On,v.,~) 1+ ©, Ce ) , 
W,Uz,) hee 4 


and drop the trace term. Here S,,,.., < 1 and Ceo + [Secapeceal = |. Also @, is the 
normalization of the differential spectrum 4.,,y..,,, chosen accordingly. As neutrinos 
are produced as flavor eigenstates, no oscillation occurs as long as S,,,y.,., = 0. We 
linearize the equations in this small parameter S,, ,.,,. to get an eigenvalue equation [7] 


i(O; + v,0, + Vr - OF) Suu. = E +A+ wf dr’ (1 — u,v, — vr.Vr) aur | Sw.vee 
-n | dr’ (1 = UzU, = Vr.Vr) Jus! ,vh,p! Sutvty! ; 


where vy is the velocity vector of the neutrino projected on the x-y—plane. The impor- 
tant quantity here is the difference in the diiferential spectrum, given by gu». & 
do,,/dI — do,,/dI for neutrinos and « d¢,,/dI — d¢;,/dI for antineutrinos. 
Keeping in mind that the angular spectrum of emission should be different for 
neutrinos and antineutrinos, we choose the following schematic spectrum q,,y..5 = 


+ [a + a)6(W)O(v,)O( — v,) — Jw) qtA OW: — DOU — v.)| as shown in 
Fig. 125.1 (middle panel). Here a denotes the neutrino-antineutrino asymmetry 


whereas b controls the difference in zenith angle distribution. Such a “non-trivial” 
angular emission spectrum seems to be crucial for fast conversion. 
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To solve the eigenvalue equation, we take S = Qe~!(%'+2:2), where Qy.. = 
Y,z) + iK¢,z) can take complex values. A non-zero positive Ki;,,) Causes an expo- 
nential growth in S, thereby signalling an instability. It is important to mention that 
since we are looking for fast conversions, we can integrate out w from the spectrum 
and effectively set w/j > 0. 


125.3 Results 


Armed with this formalism, we look for instabilities for evolution in time (2, > 0) 
and in space ({2, — 0). We show a contour plot «, for different values of a and b in 
Fig. 125.2. A common feature of all these plots is that no fast conversion takes place 
if b = 0, thereby indicating that a non-trivial spectrum might be necessary for fast 
conversions. Also, matter suppresses these growths. 

Similarly, in Fig. 125.3, we plot the growth rates for &;. We also show simi- 
lar instabilities for a spectrum including backward travelling modes as q,.y..5 = 
a [445Wed + v,JO(1 —v,) — bw) gE Ov, — OU — v.)| as shown in 
Fig. 125.1 (right panel). We note that inclusion of backward going modes increases 
fast conversions. Interestingly, matter suppression does not occur for time evolution, 
as suggested in [8]. To verify our results from LSA, we have also solved the fully 
non-linear EoMs for specific values of a and b. The results shown in Fig. 125.4 indi- 
cate that indeed complete flavor averaging takes place within a few nanoseconds. 
One is also led to speculate whether it is important to have a crossing in the angular 
spectrum for development of fast conversions, as is evident from all the above cases. 
Further details are worked out in [9]. 
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Fig. 125.2 Instability growth rates for evolution in space for three different values of A/ = 0.03, 
1, and 10, respectively from left to right 
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Fig. 125.3 Instability growth rates for evolution in time. Left: without inward going modes. Right: 
with inward going modes 
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Fig. 125.4 Instability growth for evolution in time. Left panel shows the quantity Az, = log;o| S| 
giving the extent of flavor conversion. Right panel shows the electron neutrino survival probabilities 
Pee for same values of a and b 


125.4 Conclusion 


Thus we notice that for a non-trivial distribution of angular spectrum, we can indeed 
get rapid flavor turn-overs in time, even if in space the growth is suppressed by matter 
effects. Also, backward travelling modes near the neutrinosphere aid in fast conver- 
sion. If these fast conversions indeed take place so near the SN core, they may have 
important implications for supernova explosion mechanism and nucleosynthesis. 
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Chapter 126 Mm) 
Exploring Compressed Top Squark cro 
Region with Kinematic Variables 


Partha Konar, Tanmoy Mondal and Abhaya Kumar Swain 


126.1 Introduction 


After the Higgs boson discovery supersymmetry (SUSY) is undoubtedly the most 
appealing theory waiting to be unveiled at the LHC. SUSY not only unifies the 
gauge couplings, it also explains the stabilization of the Higgs boson mass against 
large quantum correction with light stop which can be probed at the LHC. Direct 
searches exclude m; below 800-900 GeV when the stop (f) decays to a top quark 
and a neutralino [1, 2]. 

In the region of SUSY spectrum, where the mass difference between the 7 and the 
neutralino (x) is small, the decay of the stop produce a bunch of soft particles along 
with neutralino which are very difficult to identify in the detector. Naturally direct 
search bounds are relatively poor exploring this region. If the mass difference is 
such that AM = (m; — m,) < my + mp, the stop can decay in the four-body mode 
it > bf f' x. For the leptonic four body stop decay, CMS collaborations excluded 
stop masses below 360 GeV at 95% confidence level for AM ~ 30 GeV [3]. However, 
the mass limit weaken drastically with larger mass gap and for AM ~ my the limit 
slips down to 270 GeV. 

We focus on this AM < my + my, mass gap region and exploit suitable kinematic 
variables to constrain the parameter space. We illustrate [4], considering the clean 
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and reliable leptonic decay channel, that our proposed kinematic variables can extend 
the state-of-the-art limits on the stop mass provided by the CMS collaboration. 


126.2 Kinematic and Invariant Mass Variables 


We demonstrate the effectiveness of our proposed variable in four body dileptonic 
channel of stop along with ISR jet(s). We demand that the signal events should consist 
of two opposite sign isolated leptons, > | b-jet, > 1 high Pr ISR jet(s) and large 
£7. The main background for this signal region is the top pair production in the 
dileptonic channel. 

Since we consider AM < my, both the top and subsequently the W—boson will 
be produced off-shell for the signal resulting the four-body decay, unlike the back- 
ground top pair case which is sequential two-body decay. These distinct kinematic 
topologies between the signal and the background make it possible to look for dif- 
ferent kinematic variables which show observable singularities in phase space to 
discover/exclude the light stop at the LHC. 

Invariant mass of the b-tagged jet and the lepton, Mj, can be utilized for maxi- 
mizing the signal to background ratio. The distribution of the variable Mj, has an 


endpoint which depends on the decay topology as, Mj" = , im? — my, ~ 153 GeV 


for tf and for signal Mj"“* = AM. 

We also propose two new ratios [4], Roz = >> PP Er, Ree => Pi /Er. It 
is easy to follow that for the signal region R»z peaks at the mass ratio (m,/m,), 
whereas Rez peaks at (m;/m,) ~ 0. These two interesting ratios are better suited 
for the dileptonic decay channel exploring the stop four-body decay scenario. 


126.3 Event Simulation and Basic Cuts 


We simulate the signal events using MadGraph5 and those events were passed to 
Pythia8g for hadronization and parton showering and finally detector level simu- 
lation is done in Delphes3 using the available ATLAS card. 

Since most of the pr(f) is carried away by neutralino, we choose EF > 200 
GeV to reduce significant amount of background events including the QCD multijet 
backgrounds. In the same spirit we have included another variable E7/M.r¢ > 0.3 
where M-r ¢ is the scalar sum of all momentum including ISR. 

Exploiting the fact that the ISR will be approximately in the opposite direction 
to the £7, we introduce additional cut that |6(7SR) — (Er) — | < 0.4. This will 
also significantly diminish the enormous QCD background. To minimize the effect of 
jet mis-measurement contributing into EF we also demand that |@(j) — @(E7)| > 
0.2 for all jets other than the ISR. 
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Fig. 126.1 The distribution of variables Mp¢ and Rp-z in the left and middle panel. Exclusion limit 
in right panel for 13 and 300 fb~! data (red and magenta, respectively) shown with solid and dashed 
line for soft and hard leptons. The blue line shows present CMS limit on stop mass 


126.4 Results 


Using the simulated events which passed all the basic selection cuts described above, 
we have plotted two pivotal variables for both signal and background tf events in 
Fig. 126.1. In order to maximize signal to background ratio we optimized the event 
selection cuts as: (i) Myc < 40 (60) GeV, (ii) Rpg < 0.15 (0.1), and (iii) Reg < 
0.15 (0.3). The numbers in the parentheses are the cut used for AM = 80GeV 
which is different due to the fact that at this AM the W—boson is on-shell and 
effectively the lepton coming from W—boson becomes more energetic whereas the 
b—quark becomes softer. 

We plotted the 2 o exclusion plot for 13 TeV LHC with 13 and 300 fb~! data in 
Fig. 126.1. The blue (dash-dot) curve shows present limit on # mass as presented by 
the CMS collaboration which is poor for larger mass difference. The red(magenta) 
solid and red(magenta) dashed curve show our exclusion limit at 13 TeV LHC with 
13(300) fb-! data where for solid(dashed) curve we have pr > 10(5) GeV. It is clear 
that the larger mass gap region can effectively be probed using the new variables pro- 
posed here. Also, in magenta curves we exhibit the 20 exclusion limits for 13 TeV 
LHC with an integrated luminosity of 300 fb~!. Evidently, in spite of small branch- 
ing ratio leptonic channel with the help of the proposed variables [4] is capable of 
delivering limits comparable to that of hadronic modes [5]. 
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Chapter 127 @) 
Results and Future Prospects ony 


of Exclusive Vector Meson Production 
with pPb Collisions at CMS 


Ruchi Chudasama 


127.1 Introduction 


Exclusive vector meson (VM) photoproduction is defined by the reaction 7 + p > 
VM-++p, with the characteristic features that, apart from the vector meson in the final 
state, no other particles are produced and the vector meson has a low transverse 
momentum. This process can be studied at the Large Hadron Collider in ultra- 
peripheral collisions (UPCs) of ions and protons occurring at impact parameters 
much larger than the sum of their radii. Recently, CMS [1], ALICE [2] and LHCb 
[3] presented their measurements of exclusive heavy vector meson photoproduction 
at the LHC. Since the process occurs through yp or 7 Pb interactions via the exchange 
of two-gluons with no net color transfer, the cross section at leading order (LO) is 
proportional to the square of the gluon density in the target proton or ion. It provides 
a valuable probe of the gluon density at a small momentum fraction x, which is kine- 
matically related to W,, (x = (My /W,, eo) The exclusive photoproduction of Y (1S, 
2S, 3S) has been measured in their dimuon decay channel in ultraperipheral collisions 
of protons and heavy ions (pPb) with the CMS experiment [5] at /sjn=5.02 TeV 
for an integrated luminosity of £jn=33 nb~!. The photoproduction cross section for 
Y (nS) is measured as a function of W,, in the range 91 < W,, < 826GeV, which 
corresponds to the rapidity of the Y meson in the range |y| < 2.2, and x values are of 
the order x ~ 10~* tox ~ 1.3 - 1072. The differential cross section da/dt, has been 
measured in the range |t| < 1.0 (GeV/c)* and the b-slope parameter is estimated. 
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127.2 Event Selection and Background Estimation 


The UPC events are selected by applying a dedicated trigger, which selects at least 
one muon in each event and at least one to six tracks. Two muon tracks originating 
from the same primary vertex with pr > 3.3 GeV, and pseudorapidity |7| < 2.2 are 
used to select exclusive events. The py of the muon pair is restricted from 0.1- 
1GeV to reduce the contamination from elastic QED and inelastic background. 
The dominant background contribution to exclusive Y signal comes from QED, 
yy — wt, which is estimated by STARLIGHT. The contribution of non-exclusive 
background is estimated by a data-driven method by selecting events with more than 
2 tracks. This template was normalized to a two muon track sample in the region 
of dimuon pr > 1.5GeV. Additional small background contributions of exclusive 
7 Pb — Y Pb events is estimated using a reweighted STARLIGHT Y MC sample. 
These backgrounds were subtracted from data to obtain the exclusive signal. The 
background subtracted || and y distributions were used to measure the b parameter, 
and estimate the exclusive Y photoproduction cross-section as a function of W,,, 
respectively. The distributions were first unfolded to the region 0.01 < |t| < 1GeV?, 
|y| < 2.2, and muon p> > 3.3 GeV, using the D’ Agostini method for unfolding and 
it’s further extrapolated to transverse momenta of 0 GeV by acceptance correction 
factors. 


127.3 Results and Future Prospects 


The differential do /dt cross section is extracted for the combined three Y (nS) states 
as shown in Fig. 127.1. The cross section is fitted with an exponential function Ne~?""! 
in the region 0.01 < |r| < 1.0 GeV’, using an unbinned 7 minimization method. A 
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value of b = 4.5 + 1.7 (stat) + 0.6 (syst) GeV ~” is extracted from the fit. This result 
is in agreement with the value b = ae (stat.)*}:2(syst.) measured by the ZEUS 
experiment [4] for the photon-proton centre-of-mass energy 60 < W,) < 220 GeV. 
The differential Y(1S) photoproduction cross section do/dy is extracted in four 
bins of dimuon rapidity using the background-subtracted, unfolded, and acceptance- 
corrected number of signal events in each rapidity bin . Due to very limited statistics, 
the number of Y(1S) events can not be extracted separately in each rapidity bin. 
Therefore, they are estimated for three states together, and corrected for the fraction 
of Y(1S) to Y(nS) events and the feed-down contribution of Y(2S) decaying to 
Y(1S) + ata and Y(1S)+7°r, 

Figure 127.2 shows the CMS data together with the previous measurements from 
H1 [6], ZEUS [7] and LHCb [2] data. It is also compared with different theoretical 
predictions of the JMRT model [8], factorized [Psat model [9, 10], IIM [11, 12] and 
bCGC model [13]. As o(W,,) is proportional to the square of the gluon PDF of the 
proton, and the gluon distribution at low Bjorken x is well described by a power 
law, the cross section will also follow a power law. Any deviation from such trend 
would indicate a different behavior of the gluon density function. We fit a power 
law A x (W/400)° with CMS data alone, which gives 5 = 0.96 + 0.43 and A = 
655 + 196, and is shown by the black solid line. The extracted 6 value is comparable 
to the value 6 = 1.2 40.8, obtained by ZEUS [4]. Our data are compatible with 
a power law dependence of o(W,,,), disfavouring faster rising predictions of LO 
pQCD. Using pPb collisions at 5.02 TeV, we could probe x ~ 10~* tox ~ 1.3 - 1077 
values. It would be possible to probe higher values of W,,, and lower x ~ 19-5 
with new pPb data at 8.16TeV. The increase of statistics will allow us to perform 
differential studies in pr and y for coherent and incoherent J/y and ~(2S).The t 
distribution is expected to present a pronounced diffractive peak which can then be 
used to clearly discriminate between saturation and nonsaturation models [15, 16]. 
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Chapter 128 ®) 
Towards Efficient Reconstruction ectics 


of Semi-invisible Events from Higgs 
at the LHC 


Akanksha Bhardwaj, Partha Konar and Abhaya Kumar Swain 


128.1 Introduction 


The Large Hadron Collider (LHC) is currently focused in measuring the properties 
of the Higgs boson after discovering it, which is a great achievement in itself. The 
precise measurement of different Higgs couplings, with a significant amount of data 
after run-II of LHC, is crucial in exploring any effect from BSM origin. With the 
large Yukawa coupling, the Higgs boson decays abundantly to tau leptons holding 
the paramount importance for examining the properties of Higgs in this channel. 
The measurement of the properties of the Higgs in tau channel is extremely chal- 
lenging primarily because of presence of multiple neutrinos in the final state. In 
addition, the jet rich hadronic environment and identification efficiency contaminate 
the observable utilized for measuring the properties of Higgs. 

In this study, we follow some of the dedicated mass reconstruction methods for 
reconstructing the neutrino momenta in a scenario where h > tT1 77 > ata + 
v,v,. Collinear Approximation [1] is an frequently used technique to reconstruct 
the invariant mass of m,, in which the Higgs is produced along with an energetic ISR 
jet and decaying into 7 pair. This technique is build upon two main assumptions that 
the visible decay product and the neutrino associated with it are almost collinear and 
the missing transverse energy Fr in the semi-invisible decay is only due to neutrinos. 
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Under these assumptions two equations can be written from Fr constraints 

Eryx = dm SiN Oy, COS Py + Giz SiN Oy2 COS Pyo (128.1) 

Ery = dmiSinO, Sin ®y + dm2sinOy2sin®yo (128.2) 


where E ry. y are the x and y component of Er vector, dm1,2 are the magnitude of 
invisible momentum of each neutrinos from 7 decay, and 6, 9 and ¢,;,2 are the polar 
and azimuthal angels of each visible decay products. The fraction of momentum 


taken by visible decay product of 7 can be calculated as x;,.2. = ee ae Using 
ay 2+ Pmi,2 


Jae where m, is the 
total invariant mass of visible decay products. This method has certain drawbacks, 
it breaks down when both the tau are produced back-to-back. 

Missing Mass Calculator(MMC) was proposed [2] to reconstruct the invariant 
mass of h — 77 in all possible decay modes of 7 (1-Prong, 3-Prong and leptonic 
decay). This technique significantly improves over collinear approximation in recon- 
struction of the Higgs mass. MMC assumes that there is no other source for missing 
energy except neutrinos such as mismeasurement of jet momenta. In the present 
study, we consider only | prong decay of 7. In this case, there are 6 unknowns, 
3 components of momentum associated with each neutrino. One can write only 4 
equation which connect these unknowns. 


this, the invariant mass of 77 system is given by M,, = 


Erx = dm1 sin Ont COS Oni + dm2 sin On2 cos Pn2 (128.3) 
Ery = dm1 sin Ont sin Oni + dm2 sin On2 sin Pn2 (128.4) 
Mey 9 = M19 + iy 2 + 2Evi22E m2 — 2Gv1,24m1,2 COS AB ym, 1 (128.5) 


Hence, the number of unknowns exceeds the number of constraints. gy1,2, My1,2 are 
the momenta, invariant masses of visible decay products of 7. 61,2, @m1,2 polar and 
azimuthal angel of neutrinos, and cos A@,,,, , are the angles between momenta of the 
visible and invisible decay product from each 7. Neutrino mass is considered to be 
zero. To solve the remaining two unknown degree of freedoms @,,;,2, scan is done 
over all possible values. Additional knowledge of 7 decay kinematics is used which 
gives higher weight to the more preferable solutions over the less preferable ones. 
The probability distribution P(AR, p,) of angular separation between the neutinos 
and the visible decay products of 7 leptons is used as an additional information of a 
particular tau decay topology. For a given event, we can obtain the M,, distribution by 
scanning the parameter space for 2 and weighted by the corresponding probability 
P(AR, p-,). Peak position of each M,, distribution of the particular event is set as 
the final estimator of the Higgs mass. 


128 Towards Efficient Reconstruction of Semi-invisible Events from Higgs at the LHC 549 


0.35 ITs 0.16 MMIC —— 
0.3 cA —— 0.14 cA —— 
Z o2 SS 
S J 0.08 
0.15 
< Z 0.06 
a ~ 0.04 
0.05 ee a Tir 
0 0 = KA 
“1 0.5 0 0.5 1 “1 -0.5 0 0.5 1 
xX Z 
Rett Rett 


Fig. 128.1 Efficiency of momentum reconstruction both in transverse(left panel) and longitudinal 
(right panel) directions 


128.2 Reconstructing Neutrinos Using MMC 


We further extend MMC to know the invisible momenta which can be useful to 
explore the Higgs property. Since Higgs mass is known, that can be used as an addi- 
tional constraint along with m,, distribution of a single event obtained from MMC 
to reconstruct the momentum of invisible particles, which reduces the parameter 
space for ®,,; and @,,,. and constraint them around the ®,, and ®,.. There are many 
choices for ®,,; and ®,,2 which closely satisfies the Higgs mass shell condition, 
from those choices we can randomly choose one @,,,; and ®,,2. All these choices are 
closed enough to true value of @,,; and ®,,2 and efficiency of such reconstruction 


can be calculated. The deviation in the component of the momentum is defined as 
Reco __ ,True Reco __ qi 


and Ri, = 4: = _ where g °°? and g**® is the trans- 


ef ~ qd Reco| t Zz 

verse and the longitudinal component of the reconstructed momentum and g/"¢ and 

q. ™e are the transverse and longitudinal component of the true momentum [3]. 
The efficiency of reconstruction the momentum of invisible particle using MMC 

has improved with significant amount as compare to momentum reconstructed using 


collinear approximation and demonstrated in Fig. 128.1. 


128.3 Conclusions 


Studying physics beyond the Standard Model at the LHC is the main focus in its 
current and future runs. Measuring the properties of the Higgs is vital, any devia- 
tion from the SM value would unambiguously indicate BSM signature. The Higgs 
decays to tau leptons is a prominent channel for studying its properties for which one 
requires full reconstruction of the semi-invisible event. We reconstruct the neutrinos 
momenta by modifying the MMC using Higgs mass shell condition. The recon- 
structed momenta using MMC are in good agreement with true momenta and can be 
used for CP and polarization studies. 


550 A. Bhardwaj et al. 
References 


1. R.K. Ellis, l. Hinchliffe, M. Soldate, J.J. Van Der Bij, Higgs decay to7* 77 a possible signature of 
intermediate mass higgs bosons at high energy hadron colliders. Nucl. Phys. B 297(2), 221-243 
(1988) 

2. A. Elagin, P. Murat, A. Pranko, A. Safonov, A new mass reconstruction technique for resonances 
decaying to di-tau. Nucl. Instrum. Methods A654, 481-489 (2011) 

3. Partha Konar and Abhaya Kumar Swain, Reconstructing semi-invisible events in resonant tau 
pair production from Higgs. Phys. Lett. B 757, 211-215 (2016) 


Chapter 129 Mm) 
Gravitino Production in a Thermal ectics 
Universe 


Richa Arya, Namit Mahajan and Raghavan Rangarajan 


129.1 Gravitino Problem 


Gravitino is the supersymmetric partner of the graviton, the spin 2 mediator of grav- 
itational interactions. It is massless and has spin states 43/2. When SUSY breaks, 
the gravitino gains mass and spin 1/2 states via a super-Higgs mechanism. The 
spin ++ 1/2 states are also referred to as goldstino modes. 

The abundance of gravitinos directly affects the cosmology of our Universe. An 
excess of stable gravitinos of mass greater than 1 keV can contribute to the energy 
density of the Universe and can overclose the Universe. The unstable gravitinos of 
mass between 100 GeV < mg < 10 TeV decay into energetic particles after primor- 
dial nucleosynthesis which destroy light nuclei created during nucleosynthesis. 


129.2 Gravitino Production Rate and Finite Temperature 
SUSY Breaking 


We study the gravitinos produced in the early Universe in the radiation dominated 
Universe after reheating [1-3], by the scattering of thermalised inflaton decay prod- 
ucts. The production rate is given by [4] 


37°? Z m- k; 
r= 1+ — Jeg? In( — 129.1 
167M3, > 3m*. aa () ( ) 


where Mp ~ 2.4 x 10!8 GeV is the reduced Planck mass, m; represents the difference 
in gaugino and gauge boson masses squared, m@ is the gravitino mass, i = 1, 2, 3 
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refers to the three SM gauge groups, g;(T) are the gauge coupling constants, and 


C1,2,3 and k;,2.3 are constants associated with the gauge groups. Taking all m; = mj, 
m2 


ae -). The first term within the parentheses is associated with 


we get I, x a (1 + 
spin 3/2 gravitinos while the second is associated with spin 1/2 gravitino production. 
SUSY is broken by non-zero temperature due to the finite thermal energy density 
of the Universe which splits the boson and fermion masses. The soft mass generation 
due to finite temperature effects is given by m= > m= - mi; ~ 63T* + m3, wherem a 
is the gluon mass, 63 is some parameter and mo ~ 100 GeV represents the zero tem- 
perature mass splitting, while mg ~ Jb/(/3Mp) + méo = 5'T?/(/3Mp) + Mé&o 
where m@p is the zero temperature gravitino mass (which depends on the super- 
symmetry breaking mechanism), and 6’ is another parameter. Then the factor in the 

scattering rate : ; 

Mine 5377 +m 
ee an r 3[0'T?/(V3M Gol? ee 
G p) +méol 


b3Mp 


2T2 


Region I: 6377 > m3 and 5'T?/(/3Mp) > M Go Which gives 73 ~ 


Region II: 6,7? > ms and 6’T?/(/3Mp) < MG Which gives 73 ~ a 


3m 
Region II: 637? < m3 and 5’T?/(V/3Mp) < mgy which gives 73% Ze. 
In Region I and IJ, this factor can be much larger than | and also larger than the 


zero temperature limit 7 */ Bm, Xo): 


129.3 Results of Gravitino Abundance Calculations 


In the standard scenario, I, < H and gravitinos are out of equilibrium. But we find 
that because of an enhanced production rate, gravitinos are in thermal equilibrium 
initially (7; > H) with a thermal abundance ng = 3¢(3) 7 as ge The freeze out 
condition is I(T) = H(Ty) = ST} /Mp, and T; determines the frozen abundance. 


129.3.1 Very Light Gravitino mG, = 0.1eV 


The freeze out temperature is calculated to be Ty = 100GeV. The lifetime ¢ = 
M "3 / me = 1.2 x 10% yr, whichis much larger than the age of Universe and the abun- 
dance today is calculated to be Yen = Ye (Tr) = 1.8 x 10~>. The density parameter 
Qe = pPEl Pe = MEV EqS (0) /Pce ¥ 0.92 x 10~*, which implies that the gravitinos 
will not overclose the Universe. 
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129.3.2_ Light Gravitino mG, = 1keV 


The freeze out temperature 7’; = 600 GeV and the abundance today Ye, = 1.8 x 
10-7. The lifetime t = 1.2 x 10” yr is much larger than the age of Universe. The 
density parameter Q¢ ~ 0.92, which is in conflict with observations. 


129.3.3 Heavy Gravitino mj, = 100 GeV 


The freeze out temperature Ty = 1.2 x 10° GeV and the abundance before the grav- 
itino decays is Ye(Tr) = 1.8 x 10-> which is much larger than the cosmological 
upper bound on the gravitino abundance of 10~'* [5]. 


129.3.4 Very Heavy Gravitino mG, = 30 TeV 


The freeze out temperature Ty = 5.5 x 10° GeV and the lifetime of gravitinos 
t = 0.1s which implies that the gravitinos would have decayed before nucleosyn- 
thesis and not lead to any cosmological problem. 


129.4 Out of Equilibrium Production of Gravitinos 


Till now we presumed that Tye, > Ty which allowed the gravitinos to be in thermal 
equilibrium after inflation. In order to suppress the high abundance of the gravitinos, 
we consider scenarios with T < Tye, < Ty for the 1keV and 100GeV gravitinos. 
The gravitino production rate is given by the integrated Boltzmann equation 


alae oa (129.3) 
dT Mp ° , 


where 3 is some constant independent of temperature. For mg, = 100 GeV, the 
region of our interest is primarily Region I. On integrating equation(129.3) for 
Region IT from T,-, to T < Tyeh, we get 


03 3 


Ta. 
2 reh 
9Mpm-. 


Y4(T) © B 


This implies that 7; should be less than 4 x 10* GeV so that the abundance is within 
cosmological bounds. For mg. = 1 keV, on integrating equation (129.3) for Region 
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IIT from T;eh = 300 GeV to T ~ mo = 100 GeV, the gravitino abundance obtained is 
Ye = 738/2Mpmo = 1 x 10~* which is large and inconsistent with current obser- 
vations. This implies that T,., must be less than mo = 100 GeV to shut off this mode 
of gravitino production. Such a low reheat temperature will be consistent only with 
low scale baryogenesis and leptogenesis models [6-8]. 
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Chapter 130 ®) 
Design and Characterization of Discrete creek 
Analog Front-End for Resistive Plate 

Chamber Detector 


Purnendu Kumar, Sankaran Aniruddhan and Anil Prabhakar 


130.1 Introduction 


The outputs of Resistive plate chamber (RPC) detectors are nanosecond electrical 
pulses with a few milli-volts of amplitude at 50 Q termination impedance [1]. For 
accurate timing data abstraction using a precision time to digital converter (TDC), it 
is required to have a broadband front-end with lowest possible time-walk and jitter 
in the output signal. 


130.1.1 Signal Characterization 


We started with characterizing the signals of SG503C RPC available in the Indian 
Institute of Technology Madras (ITM) Physics lab with respect to plastic scin- 
tillator based muon trigger. For amplification we have used Hybrid micro-circuit 
pre-amplifier [2] designed by BARC. On receiving of trigger from the muon tele- 
scope, RPC signals were recorded using a 1GHz DSO (Keysight DSOX-3104A). 
We analyzed a 1000 such recorded signals from the RPC operating in avalanche 
mode. As we already know from design parameters that, HMC pre-amplifiers have 
a 2ns rise-time, we verified parameters using higher bandwidth 2 stage AC cou- 
pled MMIC pre-amplifier (gain ~25 dB, —3 dB bandwidth ~530 MHz and rise-time 
<Ins). As expected, we observed that gain, rise-time, fall time and FWHM were 
reduced (Table 130.1). 
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Table 130.1 Signal characteristics comparison 


Characteristics HMCPAN 2 stage MMIC 
Amplitude(V) 0.952 + 0.323 0.356 + 0.124 
FWHM(ns) 5.824 + 0.434 4.403 + 0.448 
Rise-time(ns) 3.591 + 0.436 3.224 + 0.462 
Fall-time(ns) 5.723 + 0.444 3.838 + 0.621 


130.2 Theory 


In case of ICAL detector [3] due to ~2 m long strips, signal transmission time may go 
as high as 10-12ns. Hence it is better to consider the detector strips as transmission 
lines rather than point capacitors. It is more suitable to use a voltage amplifier rather 
than charge amplifier in this case. 

Higher amplification factor without clipping the bandwidth is desired to increase 
the slope of the signal, resulting in low jitter operation of comparator. First the input 
signal is converted to differential one and one of the lines is delayed while the other is 
attenuated. If delay is represented by fz, attenuation factor is f, rise time of the signal 
is t,, then, tg = t,(1 — f). This yields the zero crossing at time free of signal slope. 
Architecture of front end triggering system was inspired from NINO [4] architecture. 


130.3 Implementation and Testing 


Three stage MMIC amplifier resulting in total gain of 38dB and bandwidth of 
460 MHz was used with 180° hybrid passive splitter, which was used to split the 
signal. External cable and attenuator assembly was used to provide 1.5 ns delay and 
50% attenuation before being added and compared to ground reference. To avoid 
noise, a parallel fixed reference comparator with one-shot multivibrator was added, 
and when ANDed with CFD path, this gives a precise trigger for valid signals above 
the noise band (Fig. 130.1). Output of analog channel was given to a PS706 discrim- 
inator with —20mV threshold. Efficiency and time resolution were measured using 
standard VME modules CAEN V830 and CAEN V1190B. These results were found 
to be comparable to those obtained from HMC pre-amplifier (95.68% efficiency, and 
1.46ns o for time distribution) Considering the RMS sigma of time distribution for 
each scintillator detector being ~0.736ns [5], time resolution (FWHM of Gaussian 
fit for timing distribution) can be calculated as follows. 


TR=2v Zn2y/o2p¢ — OScintittator) y 2.355(y/o2 pc | Ose itittieae) (130.1) 
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Fig. 130.1 Design of 3 stage MMIC amplifier with parallel CFD and LED for RPC (dotted lines 
represents the external connections) 


For the purpose of verification of CFD functionality we have captured 2000 signals 
using DSO with 10 GHz sampling. Efficiency of 3 Stage MMIC amplifier was found 
to be 94.28%, and timing resolution was 2.698 and 2.350ns when measured with 
LED and CFD set-up. 


130.4 Conclusions 


We have successfully designed and tested a discrete analog front end-for resistive 
plate chamber detector operating in avalanche mode. As gain and delay can be set 
by external components, this front-end can be used with other detectors by simply 
varying the component values as per rise-time of signal. Although we have seen an 
improvement of only ~0.35ns in time resolution (Fig. 130.2) further improvement 
can be achieved by compensating for rise-time too. 


; x21 ndf = 7.503 / 8 — x2 / ndf = 31.18/7 
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Fig. 130.2 Arrival time distribution from 3 stage MMIC pre-amplifier measured with DSOX-3104A 
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Chapter 131 ®) 
Stabilizing Electroweak Vacuum si 
Through Modified Chaotic Inflation 


Abhijit Kumar Saha and Arunansu Sil 


Stability of the Standard Model (SM) higgs potential at high energy is a long 
lasting question. This means that at some energy scale (A7“ ~ 10°GeV with 
my, = 125.6GeV and m, = 173.3 GeV), SM higgs quartic coupling (,;,) turns nega- 
tive. At early universe, the H field fluctuates with amplitude ~ Hjn¢ during inflation. 
So for large field inflationary scenario (e.g. chaotic inflation) (Hing ~ 10'4 GeV), this 
may be dangerous for stability of universe. In this paper we modify the chaotic infla- 
tion by introducing an extra SM singlet scalar (apart from the inflation field) such 
that inflationary predictions are satisfied by current Planck data [2]. At the same time, 
our aim is to make the Higgs vacuum absolutely stable through the threshold effect 
as shown in [1]. 

We consider the inflation to be governed by two SM singlet scalars @ and y having 
potential V, 


Cc 
2 


1 r 
Mase ey ata ey, (131.1) 


where m, c;, Ay and v, are real and positive parameters. At global minimum, (x) = 
vy and the ¢ field settles at zero. During inflation the @ takes super-Planckian value 
and xy field receives a negative inflation dependent mass-squared term (m>(¢) = 


2c1¢7 + 2A,U;). Therefore y acquires a large field value from its coupling with 
the ¢ field (x) ~ |/\+@ = x1, X1 is considered to be sub-Planckian which implies 


st « 1. We have assumed v, < m so that it does not play any role in predictions of 
the modified chaotic inflation model. Due to the super-Planckian field value of @ at 
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the beginning and during inflation, m>(@) turns out to be greater than He ~ ae : 
Hence y is expected to be stabilized at 1 quickly. Therefore the effective inflationary 


potential after integrating out the heavy field x is 
nm apt | Linoze 72 
Ving X Mp 3" cv) (1 _ ag ) ; (131.2) 


where m = m/Mp and b= o/Mp and a= spies. We assume ad? <_ 1 so that 
x 

this correction term does not deform the standard chaotic inflation model much. 

Spectral index n, and tensor to scalar ratio are defined as n, = | — 6€ + 27 and 


2 

Vv, Vv . 

r = 16e where € = (fi) and 7 = (Ht). The mass parameter m can be fixed 
n n 


from curvature perturbation spectrum (Ps). 

We perform a scan over the parameters m and a involved in (131.2) so as to obtain 
r and n, within the allowed range of Planck 2015 [2] for number of e-fold VN, = 58. 
We have found with the increase of a, r could be decreased with the correct order of 
ns. We presented our findings in then, — r plot (Fig. 131.1) and compared it with the 
allowed range of Planck 2015 [2]. There are some important conditions that must be 


satisfied to have a successful inflationary scenario. (1) During inflation: my > Hes 


(ii) x field is sub-Planckian at the onset of inflation and afterwards (111) ad? <1, 
(iv) minimum 20% deviation in the modified version correspond to ag? > 0.05, (v) 
universe during the inflation is expected to be dominated by the ¢ field and hence 
Poe a /4 < (1/2)m?¢*. Taking care of all these points we find a contour plot in 
Fig. 131.2 between c; and Xy. 

From Fig. 131.2, we choose cy = 2.5 x 1071", Ay = 1.3 x 10-® for studying 
Higgs vacuum stability. Note that H was at origin during inflation due to its large 
effective mass. The relevant potential for studying vacuum stability issue is given by 


“2 
2 


2 AH 2 2 + uu Ay 2 2\2 
) + SEG? - ob) (tH - 5) + Bo? - 0d). 
(131.3) 
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Fig. 131.1 We show the 
predictions for ns; and r as 
obtained from the modified 
version of standard chaotic 


0.15 Planck TT+Low P 


inflation with dark dots for 0.10 
Ne = 58. Along the solid u 

line joining them, we vary a 

to find ns and r in our set up. 0.05 


We have also compared our 

results with lo and 2a 

contours of n, — ras 0.00 
obtained from Planck 2015 : 0.95 0.96 0.97 0.98 0.99 
data [2] Ns 
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Fig. 131.2 We show the 

allowed region of c; (in unit 

of 10—!!) and Ay is indicated 2x1078 
by the shadowed region by 

using the constraints 

[G)-(v)]. The dark black dot 1.5* 1078 } 
represents the reference ~ 


value of c; and Ay 
? 1x10-8 


5x1079 


c;(10-'' unit) 


After inflation the minimum of Vo is given by (Ht A)= a 5 (x) = vy, with Ax, 
Ay > 0. To ensure the vacuum stability till Mp, these conditions must hold at any 
scale ys. There is an extra stability condition 4A,Aq > rn y With Ayy > 0. The x 
field affects the Higgs vacuum stability in two ways. One is that it modifies the 
RG equation of ,;, from its SM form. The second contribution comes at energy 
scale below m,, where x field is integrated out. This phenomenon gives a positive 


shift to SM higgs quartic coupling \;,, parametrized as 6\ = ae 
nonzero vev, after spontaneous breaking of electroweak symmetry it will mix with 
H ate to give new heavy and light mass eigenstates. However in the approximation 
Ay vy > Axyv’, their mixing turns out to be very small. Hence below the scale My, 
the effective potential of Vy) becomes 


2 


ff + a MH 
~ (HTH =) , with Ay(m,) = [Aw — ais (131.4) 


The positive shift on A, at m, helps in delaying the Higgs quartic coupling(A,) to 
become negative provided m, < AM, We try to find that particular value of m,, 
for which Aj stays positive for all energy scales below Mp, and takes a positive 
negligible value ~0 at Mp (Ay(Mp) ~ 0). We identify that particular value of m, 
as Ay. To do so, we have considered 5\ ~ \;,(m,) to avoid unnaturalness. This 
implies Ayy & 2.55 x 10-> and Vy = 4.92 x 10'' GeV once we use the reference 
value of c; and A, (black dot in Fig. 131.2) for Ne = 58. So if we take m, < AY, itis 
expected that \ will be absolutely positive till Mp. On the other hand form, > Ae 
Ax should be negative at some energy scales below Mp. We found these consistent 
with AC ~ 8 x 107 GeV in our scenario [3]. 
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Chapter 132 ®) 
Particle Identification with the TOP ectias 
and ARICH Detectors at Belle I 


S. Sandilya 


132.1 Introduction 


A reliable particle identification (PID) is important for any high energy physics exper- 
iment, and in case of B-factories it is inevitable [1]. In the B-factories, PID is required 
to tag B-meson flavour for CP violation studies in the neutral B-meson system, and 
to suppress backgrounds in precision measurements of rare B and D decays. In Belle 
II detector [2], PID will be performed by the Time-Of-Propagation (TOP) counter 
in the central region and the Aerogel Ring Imaging Cherenkov (ARICH) counter 
in the forward endcap region. The working principle of both the TOP and ARICH 
counters is based on imaging the Cherenkov rings. In these proceedings, we report 
the design, method and present status of the PID systems in both the regions of the 
Belle II detector. 


132.2 TOP Counters 


A TOP counter module primarily consists of a quartz radiator bar, micro-channel 
plate photomultipliers (MCPPMTs) and a front-end readout. Two quartz bars each 
having dimension (1250 x 450 x 20) mm’, a mirror with dimension (100 x 450 x 
20) mm?, and a small expansion prism of dimension (100 x 456 x 20 — 51) mm? 
are epoxied to form the radiator. The radiator is enclosed in a box made of aluminum 
honeycomb panels and is supported by PEEK polymer buttons. The mirror focuses 
parallel rays in the Cherenkov cone to a single point and thus removes the effect of 
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the bar thickness and also allows to correct for chromatic dispersion. The quality 
of the optical components of the radiator is ensured by several quality acceptance 
tests [3]. 

Cherenkov photons emitted by a charged track in the radiator go through total inter- 
nal reflections and registered at the expansion volume end by an array of MCPPMTs. 
The arrival time, including the time of flight of the charged particle and the time of 
propagation of emitted photons, and position in the detection plane of each Cherenkov 
photon are used to compute a likelihood for a given particle mass hypothesis [4]. 

A square-shaped MCPPMT has been developed in collaboration with Hamamatsu 
Photonics KK for the TOP counter [5, 6]. It has a multi-alkali photocathode whose 
average quantum efficiency is about 28% for wavelengths around 380 nm. By apply- 
ing the nominal operating bias, a gain of 10° is achieved. Each module contains two 
rows of 16 MCPPMTs, giving in total 32 MCPPMTs per module. The MCPPMTs 
are physically mounted on the front-end electronics modules. The main components 
of the front-end electronics are: front board to host the MCPPMT array; high voltage 
board to provide high voltages to the MCPPMTs; Application-Specific Integrated 
Circuits (ASICs); and Standard Control, Read-Out, and Data (SCROD) board [7, 8]. 

A small prototype of the TOP counter was tested at the 1.2 GeV/c positron beam 
at LEPS (Laser Electron Photon beam line at SPring-8) in June 2013 and results were 
found in agreement with the MC expectations. 


132.3 ARICH Counters 


The ARICH counter is basically a proximity focusing RICH. Its main components 
are: aerogel tiles as a radiator, an array of position sensitive photon detectors, and a 
readout system [9-11]. The aerogel radiator consists of two layers with increasing 
refractive indices along the particle path so that the Cherenkov photons emitted by 
each layer overlap at the photo-detection plane. The two aerogel tiles are of thickness 
20mm each and have refractive indices of 1.045 and 1.055 for upstream and down- 
stream tiles, respectively. This arrangement of two layers with different refractive 
indices gives better performance than a single aerogel layer for the entire thick- 
ness [12]. The photo-detector for the ARICH should be sensitive to single photon 
detection, able to provide position information, be immune to the 1.5T magnetic 
field perpendicular to the photon detection plane, and be tolerant of the high radi- 
ation environment. A Hybrid Avalanche Photo-Detector (HAPD) was developed in 
a joint effort with Hamamatsu which has a peak quantum efficiency of about 28% 
at 400nm. The bombardment gain is of about 1800 and an additional gain of about 
40 is achieved from the avalanche process of the APDs, resulting an overall gain of 
70,000. The ARICH covers 3.5 m? in the forward endcap of the Belle II detector; 
the aerogel radiator plane and the photo-detection plane are separated by a distance 
of 200 mm. The radiator plane consists of 124 pairs of aerogel tiles while the photo- 
detection plane contains 420 HAPDs. At the outermost edge of these two planes, 
planar mirrors are placed to redirect the outside-going photons towards the detection 
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plane. Dedicated high gain and low noise electronics were developed for the readout. 
To each HAPD a front-end board with four ASICs and a field programmable gate 
atray is attached. The digitized hit information is collected by a merger board from 
front-end boards, and then communicated to further stages of the data acquisition 
system [13]. 

A prototype ARICH was tested at the DESY test beam in May 2013. The 
Cherenkov angle resolution is found to be 15.8mrad, and on average 9 photons 
per track are detected. 


132.4 Summary and Status 


The TOP and ARICH detectors will provide PID information in the barrel and forward 
endcap region, respectively, of the Belle II detector. The working principle of both the 
detectors is based on imaging the Cherenkov ring created by the passage of charged 
particles. The TOP utilizes the impact position and time of arrival of the Cherenkov 
photons at the detection plane after total internal reflections in the quartz radiator 
bar to obtain PID information, whereas the ARICH is a proximity focusing RICH 
detector. Prototypes of both the detectors demonstrated their expected performance 
in test-beams. All 16 TOP counters have been successfully installed in the Belle 
II detector. ARICH detector is under construction now and will be finished by the 
spring of 2017 and its installation to the Belle II detector is expected in the summer. 
Detailed simulations have been performed with the Belle I software framework, 
based on which we expect an excellent charged kaon efficiency (>90%) with a very 
small (<10%) charged pion misidentification probability. 
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Chapter 133 M®) 
Feasibility Study for Development cro 
of a PET Device Based on Multigap 

Resistive Plate Chambers 


M. Nizam, B. Satyanarayana and R. R. Shinde 


133.1 Introduction 


The multigap resistive plate chamber (MRPC) is a modified version of RPC detector 
wherein the gas gap between the electrodes is further divided into multiple sub- 
gaps by introducing electrically floating highly resistive plates. The MRPC was 
first conceptualized and developed in 1996 [1]. These detectors consists of many 
highly resistive plates (e.g. glass) and very thin gas gaps between them. The high 
voltage is applied only on the outermost electrodes and the inner electrodes are all 
electrically floating. The signal is read from X plane and Y plane pickup panels placed 
at outermost anode and cathode. The time resolution of these detectors improves with 
narrower sub-gaps. We attempt to use these detectors in medical imaging techniques 
such as Positron Emission Tomography (PET) due to their excellent time resolution 
capability. A detailed description of the MRPC detectors, their fabrication as well as 
performance has been discussed in [2]. 


133.2 MRPC for Positron Emission Tomography (PET) 


We have developed several MRPCs as a part of the detector R&D program of the 
India-based Neutrino Observatory (INO) project [3]. These detectors have been tested 
for their long time operation and we have achieved a time resolution of about 220 ps 
for cosmic muons [2]. We attempted to use these detectors for possible application in 
medical imaging. We have mounted two MRPCs vertically and a radioactive source 
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(??Na) is placed asymmetrically between the two detectors. 7? Na emits a positron 
which annihilates with an electron almost at rest and two gammas of 511 keV are 
produced with opposite momenta. Placement of the two detectors and the source is 
shown in Fig. 133.2a. The photons are detected by two detectors on either sides in 
coincidence with each other. The trigger scheme of the setup and vertically mounted 
MRPCs ensure that the cosmic background is minimised. 


133.3 Data Acquisition System 


We need both digital as well analog outputs from the preamplifiers for correcting 
time walk of Time to Digital Converter (TDC) data. Anusparsh boards are used as 
preamplifiers to obtain time and charge information simultaneously. Anusparsh is 
a front end ASIC designed for the ICAL experiment. It is an 8-channel amplifier 
and discriminator ASIC. It also provides analog output of the amplifier stage for 
a selected channel. The amplifier comprises of a regulated cascode transcendence 
amplifier, followed by two stages of differential amplifier. The threshold is common to 
all discriminator channels. Outputs of the discriminators are Low Voltage Differential 
Signals (LVDS).The charge information is obtained from the analog output of the 
Anusparsh and used for the calibration of the TDC data. A picture of the Anusparsh 
boards designed and fabricated at TIFR is shown in Fig. 133.1a. We use RPC-DAQ 
module to acquire the data. RPC-DAQ is an FPGA based data acquisition system 
designed for INO-ICAL experiment. It uses Altera Cyclone TV CE115 FPGA and 
an NIOS-II soft core processor from Altera. It has 128 Low Voltage Differential 
Signalling (LVDS) inputs to cater for 64X and 64Y strips of a2m x 2m RPC. We 
are using only 32 channels for our MRPC-PET setup right now. It has interface to 
20 channels of HPTDC and Ethernet connectivity for data and command interface 
to the back-end server. A picture of RPC-DAQ is shown in Fig. 133.1b. To make the 
trigger for the TDC and ADC, we sum signals from all the eight channels of each 
X- and Y- planes of each MRPC. The sum output of X- and Y- planes are ANDed and 
these signals from both the detectors are further ANDed to produce the final trigger, 
this ensures the simultaneous detection of oppositely directed photons. 


(a) Anusparsh Board (b) RPC-DAQ Module 


Fig. 133.1 Anusparsh Board and RPC-DAQ Module 
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Fig. 133.2 Detector setup and TDC data 


133.4 Results and Discussion 


The X and Y coordinates of hits are recorded along with the time of arrival of 
the photon at the detector. We obtain lines of response by joining the (X,Y) of 
MRPCI1 and (X,Y) of MRPC2 only for events with single multiplicity(with one 
strip hit per plane per detector). The timing Information infers the exact position of 
the source on the line of response. The difference between timings of two opposite 
photons is calculated as At = tyrpci — turpc2, The position accuracy is given by 
AL[mm] ®© o;,[ps]/2 [4]. AL = FWHM of the source position, o, = Resolution 
of time difference between MRPC1 and MRPC2. Figure 133.2b. shows distribution 
of At = tyrpci — turpc2 of two opposite strips of MRPC1 and MRPC2 with the 
position of source equidistant from both MRPCs. The time resolution Ar obtained 
from this study is 1.141 + 0.035 ns. 

We plan to use two detectors on both sides of the source to improve the efficiency 
of our system. Work is in progress with detectors in horizontal position and two 
scintillator paddles which covers the setup from top and bottom for cosmic veto. 
Simulation studies are also in progress to estimate the improvement in efficiency as 
a function of the number of gas gaps and to compare the time resolution with our 
experimental results. 
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Chapter 134 ®) 
Development of Fast, Low Power rie 


8-Channel Amplifier-Discriminator 
Board for the RPCs 


Puneet Kanwar Kaur, Pathaleswar, M. N. Saraf, B. Satyanarayana 
and R. R. Shinde 


134.1 Introduction 


ICAL is a magnetized Iron-Calorimeter to be set up by the India based Neutrino Ob- 
servatory (INO) collaboration for studying neutrinos. ICAL will study atmospheric 
neutrinos using magnetized iron as its target mass and glass Resistive Plate Cham- 
bers (RPCs) as the active detector elements [1]. RPC detector signals are of 1-5 mV 
in amplitude, and with rise time of the order of Ins. Hence the pulse profiles are 
extremely narrow, viz., 5-10ns. The preamplifier should accept single ended input 
current signals, should have suitable gain with peaking time of I ns or less and there 
should also be a discriminator with threshold in the range of fC to pC. ICAL will 
have about 3.6 million detector channels and its engineering module will have about 
50,000 channels. So, the power consumption per channel should be very low, besides 
ensuring small form-factor of the preamplifier board in order to minimize the dead 
area in the detector. 

A few ASICs exploiting the transimpedance as well as classical voltage amplifier 
architecture were designed and fabricated by the INO collaboration. The analog 
front-end boards developed using these ASICs were extensively tested and order 
for limited production of these ASICs is being processed. In the meantime, it was 
decided to design and fabricate analog front-end boards using NINO ASIC so that 
they can be deployed in the small RPC detector stacks. 
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Fig. 134.1 Analog front-end board with mounting chassis 


134.2 NINO ASIC 


NINO is an ultrafast, low noise, 8-channel front-end preamplifier-discriminator chip 
developed at CERN to be used mainly in the ALICE time-of-flight detector [2]. It 
is a fully differential chip featuring four differential amplifier stages with built in 
hysteresis control. 


134.3 Board Design 


A charged particle passing through an RPC induces single-ended signals on the 
pick-up strips while NINO ASIC requires differential inputs. This conversion could 
be done in two ways: using passive circuits, which cause signal attenuation or by 
using active circuits, using which a desired gain may be added and common voltages 
can also be matched. THS4520, a single channel wideband (620 MHz) and fully 
differential operational amplifier is used for this purpose. 

A 6-layer analog front-end board using NINO ASIC and eight differential drivers 
of unity gain and with threshold control and other accessory circuits was designed 
with a track separation of 5mil and board dimensions of 200mm x 23 mm. Excluding 
the loss in the power supply regulator, the board consumes about 560mW of power. 
A board along with its mounting chassis is shown in Fig. 134.1. 


134.4 Characterisation and Performance 


The NINO based analog front-end board is extensively tested and characterised on 
the RPC detectors. Its performance is compared with those of the boards built using 
HMCs and ASICs developed by the collaboration. Noise rate and efficiency of the test 
RPC were studied using various types of boards. The NINO ASIC based board has 
shown similar or better performance compared to the other solutions. In particular, 
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Fig. 134.2 Cosmic ray test results using NINO preamp 


we obtained an efficiency of 92% and stable noise rate of 45 Hz for an RPC, readout 
by a NINO preamp set with a threshold of 80fC. 

Finally, performance tests of NINO prepamps boards were carried out by pop- 
ulating a2m x 2m RPC detector in the stack at IICHEP, Madurai. The stack was 
triggered by cosmic ray muons and the performance obtained by the RPC readout 
by NINO preamps was compared with those of rest of the RPCs in the stack and 
readout by other preamp boards. A collage of these results is shown in Fig. 134.2. 

The top-left panel of the Fig. 134.2 shows strip occupancy distribution of the RPC 
detector. While from the top-middle panel, we obtain a strip multiplity of about 1.6 
using NINO preamp, in the top-right panel we plotted track position histogram on a 
strip as function of the RPC strip multiplity. Two important performance characteris- 
tics - position and timing resolutions are shown in the bottom-left and bottom-middle 
panels respectively. The values obtained from these plots are about 6mm and about 
1.5ns respectively. Finally the planel shown on the bottom-right is the inefficiency 
scan of the RPC detector area. 


134.5 Summary and Outlook 


NINO ASIC based fast, low power 8-channel amplifier-discriminator board meant 
for INO-ICAL’s single gap RPCs was successfully designed, fabricated and char- 
acterised. The board satisfies the form-factor requirements of RPC front-end elec- 
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tronics. 20 boards, produced as pilot production were tested on one of the RPCs of 
the 2m x 2m RPC detector stack at IICHEP, Madurai along with ICALs digital 
front-end board and rest of the backend system. 200 boards produced as a limited 
production order, are being installed in the rest of the RPCs in the stack. This board 
will also be the analog front-end solution for the 20-RPC magnetised mini-ICAL. 
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Chapter 135 ®) 
Development of a Resistive Plate cro 
Chamber with Heat Strengthened Glass 


G. Majumder, V. M. Datar, S. D. Kalmani, N. K. Mondal, S. Mondal, 
B. Satyanarayana and R. R. Shinde 


135.1 Introduction 


The Resistive Plate Chamber (RPC) [1, 2] is chosen as the active detector element in 
the ICAL detector [3] due to its low cost and excellent time resolution. We are trying to 
develop RPCs using tempered glass of 3 mm thickness manufactured at the St. Gobain 
glass factory near Chennai, India. The hardness of this glass was tested using external 
pressure. A surface test of the normal glass shows a strength of up to 20-25 MPascal. 
Toughened or tempered glass is a type of safety glass processed by controlled thermal 
or chemical treatment to increase its strength compared with normal glass. This 
certainly changes the surface quality of glass but the long term stability of RPCs 
made from this glass needs to be tested. On the other hand the cooling process is 
slower in heat strengthened (HS) glass resulting in a lower compressive strength 
and a smaller change in the surface quality and hence strength in comparison with 
tempered glass. Thus, we first used HS glass, which is twice as hard as normal glass 
to make RPCs and studied their properties viz. noise rate, efficiency of detecting 
cosmic muons etc. 


135.2 Physical Properties of Glass 


An atomic force microscope was used to look for any change or damage on the surface 
but did not find any change with respect to normal glass. We have also looked at the 
composition of HS glass using electron mass spectroscopy and compared it with the 
composition of normal glass. We did not find any difference. But, the bulk resistivity 
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of normal glass is found to be 2.6 x 10!7Q — cm, whereas it is roughly 40% in HS 
glasses, which could be a source of larger dark current. 


135.3. RPC with HS Glass 


The HS glasses of 3.2mm thickness were used to make two RPCs of size 100 x 
100 cm? with a gap of 2mm and compared their performance with that of an identical 
sized normal glass RPC. One surface of the glass was painted with graphite coating 
to provide high voltage on the top- and the bottom glass. The surface resistivity was 
about IMQ/square across different segments of the coating. Honeycomb panels, 
composed of polypropylene and of 5mm thickness, with copper strips on one side 
and an aluminum ground plane on the other side, are used to read out the induced 
signal. The width of the copper pickup strips is 2.8cm with a pitch of 3cm. These 
detectors were filled with the mixture of Freon, iso-butane and S F¢ in the proportion 
of 95.3:4.5:0.3 and with a flow rate 2SCCM in all three chambers. All detectors 
are operated at 2mbar above atmospheric pressure. HV is applied on both surfaces, 
+ve on the top glass and equal amount of —ve HV on the bottom glass. In this paper 
we will always quote the difference of these as the applied HV. RPC signals are 
amplified by two stage voltage amplifiers of combined gain of ~80. Typical signal 
shapes from the HS and normal glass RPCs are similar. 


135.4 Dark Current and Noise Rate 


We have tested three RPCs in parallel, (i) RPC with HS glass (HSO1), (i) RPC with 
HS glass (HS02) and (iii) RPC with normal glass (NORM). As expected the dark 
current in RPCs of HS glass is about twice the dark current of RPC of normal glass. 
The amplified signals of the RPCs were fed to a discriminator with settable threshold 
(usually V;, = —20mV). During this study, we have read out eight amplified signals 
from each side of the HSO1 and HS02 RPCs, but readout only the top eight amplified 
signals from the NORM RPC. The average count rate in the strips of NORM is about 
1 Hz/cm? at 10 KV, whereas those numbers are 3—4 times larger for HS. 


135.5 Muon detection efficiency 


Four scintillator detectors of size 30cm(L) x 2cm(W) x 1cm(D) were used as 
cosmic muon telescope to study the muon detection efficiency and timing perfor- 
mance for the three RPCs. A fourfold coincidence of the scintillator signals within 
30ns ensured that a cosmic ray muon passed through the 30 x 2cm? surface area. 
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Fig. 135.1 (left) Single muon detection efficiency and (right) observed time resolutions as a function 
of the applied operating voltage. Only the statistical error is shown here 


All RPC were aligned in such a way that this area overlapped with only one pickup 
strip in either surface of each RPC. So, here _Dn and _Up indicate only one strip in a 
RPC under the muon telescope. The muon detection efficiencies at different applied 
voltages are shown in left of Fig. 135.1; all strips show nearly the same efficiency, 
close to 95%, at the plateau. 


135.6 Timing Performance 


The same discriminator output signals were used for the timing measurement of the 
RPC signals with respect to the cosmic muon trigger. The width of the distributions 
includes the uncertainty of the time measurement in the scintillator telescope, which 
is about 1.5 ns. The observed time resolution of all these RPC strips is shown in right 
of Fig. 135.1. The time resolution of all RPCs is more or less the similar, between 2 
and 2.5ns. 


135.7. Conclusion 


The cosmic muons signals of both timing and detection efficiency of RPCs produced 
with heat strengthened glass show the same characteristics as of a RPC made with 
normal glass, except for the larger dark current in the former due to low bulk resis- 
tivity. We are in process of putting these RPC in the existing cosmic muon stack to 
determine the efficiency and timing of the whole detector. We have also produced 
RPCs with this HS glass of size 2m x 2m to test large scale RPC with HS glass. 
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Chapter 136 M®) 
A Proposed Method for Extracting the creek 
Proton Geometry in the bSat Dipole 

Model from HERA Data 


Tobias Toll 


The bSat Dipole Model, developed by Kowalski and Teaney [1], models electron 
proton interactions. It is believed to be a universal model in the sense that it can 
describe all Deeply Inelastic Scattering (DIS) processes at small gluon momentum 
fraction x. In the dipole model, the incoming virtual photon fluctuates into a quark 
antiquark dipole, which interacts with gluons in the proton. 

The measured charge radius (at low energies) of the proton is found to be 0.88 fm 
[2]. Different models of QCD give different predictions to weather the gluons are 
distributed similarly to the electric charge (closely surrounding the valence quarks), 
are predominantly in a region inside the valence quarks, resulting in a gluon radius 
smaller than the charge radius, or are not strongly correlated with the valence position, 
resulting in a gluon radius larger than the charge radius. Independent results from 
lattice gauge theory and string theory in the Ads/CFT frame-work both seem to 
favour a smaller gluon radius. 


136.1 Inclusive Deeply Inelastic Scattering 


For inclusive DIS the total cross-section for (virtual) photon-proton scattering is as 
a function of x and photon virtuality Q7: 


ae l dz doa. 7 
y*p 2 2 2 «ay\t qq 

= y d —|d ww 136.1 
a a f / a =| b( rat d2b ee!) 


Here, the wave-overlap of the virtual photon is given (wewyt i» for transversely 
and longitudinally polarised photons respectively. The quark flavour of the dipole is 
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denoted f,, and z is the photon momentum fraction taken by the quark in the dipole. 
The dipole cross-section is given by ea =2 (1 — e #/ 4), where the opacity 22 = 
= vs(11?) -xg(x, ?)T (b). The exponentiation of the dipole-cross section comes 
from the possibility of many dipole-gluon interactions inside the proton, and this 
form ensures unitarity. Here, xg(x, ju”) is the density of gluons in the longitudinal 
direction (in momentum space) and T(b) is the gluon-thickness in the transverse 
direction (in impact parameter coordinate space). The thickness function is taken to 


ora 
be normalised to unity. Usually it has been taken to be a Gaussian T (b) = i 7BG 


where Bg is a model parameter symbolising the variance of the transverse gluon 
disOtribution, with the root mean square impact-parameter given by byms = /2Be. 
The longitudinal part is modeled with a DGLAP evolution from a starting distribution 
xg(x, U2) = Agx (1 — x)56 

By Taylor expanding the dipole cross-section for small opacities one gets: 


dogg 
@b 
Q- oe + O(923). Integrating this over impact parameter, as in (136.1), it is clear 
that the normalised thickness only contributes to the §2” term, witha factor 1 /(47 Bg). 
This means that the total DIS cross-section, while not being very sensitive to the Bg 
parameter, has the following dependence upon it: 


YP 
dons TL 


DBo >0 (136.2) 


136.2 Inclusive Diffractive DIS 


Now, the Inclusive Diffraction transversely and longitudinally polarised structure 
functions are given by [3]: 


* d ae 2 
O Diffraction T (n=1),L(n=0) x [er (/ dr r Ky (er) Jn(kr) ze) (136.3) 


where k? = z(1 — z) My _ m;, with My being the invariant mass of the dipole, 
and e? = z(1 —z)Q?+ m*. This expression holds for large 3 where the dipole is 
unlikely to fluctuate into higher Fock-states. Doing the same Taylor expansion of the 
dipole cross-section in this expression, one sees that already the leading term is an 
integral over the square of the thickness function, yielding the following dependence 
on the proton size parameter for the inclusive diffraction cross-section: 


yp 
OO Diffraction TL 


DBo <0 (136.4) 
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The dependence on Bg in the inclusive diffraction case is stronger than in the 
inclusive DIS case, but it is still expected to be important in the latter, given the 
precision of the existing measurements. The fact that the cross-section dependence 
on Bg is opposite for diffractive and inclusive DIS will provide a strong test of the 
universality of the bSat Dipole Model frame work. 


136.3 Exclusive Diffractive DIS 


In inclusive DIS, the impact parameter is not an observable, which it is in theory for 
diffraction. In practice however, it is not possible to measure the impact-parameter 
of an interaction. Instead one may measure the momentum transfer in the pomeron 
vertex t = (p — p’)*, where p and p’ are the four momenta of the incoming and 
scattered proton respectively. t is a Fourier conjugate to the impact parameter. To 
measure ¢ is only possible in exclusive diffraction, which is the only process in which 
the four-momentum of the scattered proton can be reliably reconstructed. 


136.4 Discussion 


Historically, the Bg parameter has been extracted from the data solely by comparisons 
with the f spectrum measured in exclusive diffraction, using a Gaussian distribution. 
This has yielded a value Bg ~ 4GeV~?, corresponding to Dims ~ 0.6fm, which is 
considerably smaller than the measured charge radius. I propose the following proce- 
dure for pin-pointing the proton geometry in the dipole model: First fit all parameters 
of the model: Ag, Ag, ii, and Bg (as well as quark masses), to both inclusive DIS 
and inclusive diffractive DIS. I propose that one does this for several different shapes 
of the proton, not only the Gaussian of the original. Thus one effectively only fits 
the size of the proton (not shape). Once this is done, the different shapes should 
be confronted with the measured t-spectrum of exclusive diffraction, which can to 
some degree discriminate against the shape. However, this discriminating power is 
not great. Therefore, one should choose shapes which are considerably qualitatively 
different, using Gaussian as a mean, I propose using a Laplacian distribution for a 
proton with relatively more gluons in the center, and a hard sphere (which is a special 
case of a Woods—Saxon) to model a proton with a wider gluon spatial distribution. 

We will within shortly give a detailed description of the results following the 
scheme laid out here. 
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Chapter 137 ; 
Elemental Analysis of Glass and Bakelite x" 
Electrodes Using PIXE Facility 


Manisha, V. Bhatnagar, J. S. Shahi, S. Verma, B. P. Mohanty and A. Kumar 


137.1 Introduction 


An RPC is a gaseous detector utilising a constant and uniform electric field produced 
by two highly resistive electrode plates like glass and bakelite [1]. These character- 
istics make both, glass and bakelite RPCs active candidates in various running as 
well as future HEP experiments for different applications [2]. STAR experiment at 
RHIC [3]; ALICE, ATLAS and CMS experiments at LHC [4-6]; Belle experiment 
at KEK are using glass and bakelite RPC based detector systems [7]. The proposed 
Iron CALorimeter (ICAL) detector at the underground India-based Neutrino Obser- 
vatory (INO) is also planning to use glass RPCs as the active detector elements [8]. 
For long life time of experiment, it is necessary to do elaborate study to characterize 
electrode materials. In reported study, elemental analysis of glass and bakelite sam- 
ples which was not reported in literature so far, is done using PIXE facility available 
at Cyclotron laboratory [9], Chandigarh. Elemental analysis gives an insight in to the 
elemental composition of glass and bakelite electrodes; glass and bakelite electrode 
samples procured from local and international market are found to be having similar 
elemental composition. Therefore, locally available electrode samples could be used. 
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137.2 PIXE 


PIXE is a well established analytical technique of X-ray spectroscopy, which is used 
for rapid and simultaneous multielement analysis. To perform PIXE of a sample, it 
is bombarded with high energy charged particles, which causes ionization (due to 
coulomb interaction) of inner shell electrons. The electrons from higher shell fill that 
vacancy in inner shell and difference of binding energies of two shells is emitted 
in the form of X-rays. Identification of constituent elements of analyzed sample is 
done on the basis of wavelength of emitted characteristic X-rays and concentration 
is predicted from intensities of characteristic X-rays. These characteristic X-rays are 
detected by high purity germanium (HPGe) X-ray detector-GUL0035 [9]. 


137.2.1_ Experimental Setup and Data Analysis 


PIXE measurements are done using 2.7 MeV proton beam, incident on target (sample 
to be analyzed) using a graphite collimator having 1 mm diameter. Al absorbers are 
used to improve count rate of high Z elements (Z > 34). Emitted X-rays are detected 
by HPGe X-ray detector, positioned at an angle of 45° to the incident proton beam 
axis. PIXE spectrum is obtained with the help of MAESTRO (for windows OS) 
program and analyzed with GUPIX software [10]. 


137.3 Results 


PIXE spectrum of glass and bakelite samples are shown in Fig. 137.1. Nineteen ele- 
ments Si, P, S, K, Ca, Sc, Ti, Mn, Fe, Co, Ni, Cu, Zn, Sn, Sr, Cl, Cr, Nb and Sb are 
predicted from PIXE measurements of glass and bakelite. Concentration of predicted 
elements is shown in Table 137.1. 


Sample codes: A: Asahi Glass; B: Modi Glass; C: Saint Gobain Glass; D: IEL 
Bakelite; E: Hylam Bakelite; F: Italian Bakelite; G: FormicaW Bakelite; H: FormicaB 
Bakelite. 
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Table 137.1 Elemental concentrations of glass and bakelite samples predicted from PIXE mea- 


surements 

Element | A(PPM) | B(PPM) | C(PPM) | D(PPM) | E(PPM) | F(PPM) | G(PPM) | H(PPM) 
Si 465556 | 743768 2635 = 

P _ 940.6 111.7 1402 
Ca 52938.7 | 83120 303 663.6 
Sc 648.9 1056.4 29.5 1037.1 
K 1444.2 | 6116.9 1120 87.1 

S 875.6 1542.3 180 426.5 
Cl 3163 285.4 
Fe 610.9 1751.1 282 268.4 
Ti 150.5 193 68432.5 121531 
Mn 63.1 60.5 = — 

Cr 131.2 593.3 
Zn 7.2 6.7 1119 34.6 
Sn 

Co 

Ni 

Cu 

Sr 

Nb 
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Chapter 138 M®) 
Calibration and Auxiliary Unit for INO’s sx 
ICAL Data Acquisition System 


P. Kaur, A. Lokapure, Pathaleswar, M. N. Saraf, B. Satyanarayana, D. Sil, 
S. S. Upadhya and E. Yuvaraj 


138.1 Necessity and Overview of CAU 
138.1.1 Segmented Event Data Acquisition 


The segmented data of an event is recorded over participating RPCs in the detector 
and transferred to back-end for event building by data-collation using time stamps. 
The event time stamp in each RPC is the latched data of RTC on a trigger. So, RTCs 
in all the connected data nodes like RPCs, Global Trigger system and CAU needs to 
be time synchronized. 


138.1.2 Trajectory Reconstruction 


The X-Y position of interaction in the RPCs of consecutive layers will be used to 
reconstruct the tracks in the detector. The TOF of interaction points in the RPCs across 
layers will give the time profile of the tracks in the detector. The locally recorded 
TOF measurements in DAQs are to be translated to a single global reference point 
to reconstruct the time profile of tracks. The global trigger path delays to RPCs are 
different due to different trigger cable lengths from the CAU. CAU computes these 
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trigger path delays to RPCs by measuring round path delays of trigger path to all the 
RPCs using TDC during calibration. The global TOF data are obtained by adding 
respective trigger path delay offset to local TOF data of RPCs. These global TOFs 
data are used to re-construct the trajectories in the detector. 


138.1.3 Control and Management 


The controls such as enabling/disabling of trigger, loading and synchronizing RTCs, 
setting operation parameters etc. are handled in CAU via command interface. 


138.2 CAU Architecture and Subsystems 


Figure 138.1 represents the CAU detailed architecture with the various Signal and 
Data interfaces to various units. 
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Fig. 138.1 CAU architecture 
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Fig. 138.2 RTC block diagram 


138.2.1 Main Subsystems 


1. Calibration Trigger Generator: Calibration Trigger is a periodic pulse to all the 
RPC nodes and Trigger system to invoke calibration event in all nodes and record- 
ing segmented calibration data. Optional selection of PPS or a pulse with a pro- 
grammable period from ms to few hours is supported. 

2. Caliban Multiplexer: The return path signals of calibration trigger from all nodes 
to CAU are sent to TDC via a sequential auto select line updating Multiplexer. 
The multiplexer selects a set of 16 Calib signals and feed it to TDC Hits for offset 
measurement. 

3. RTC and Synchronization (Fig. 138.2): RTC in CAU is comprised of two 32bit 
counters one for 100ns and other for Seconds. The 100ns counter is driven by 
the common 10 MHz clock and cleared by common PPS signal which drives the 
Seconds counter. The common Clock and PPS is mainly derived from GPS and 
by the local oscillator in the absence of GPS signals. RTC Synchronization in 
all other nodes is achieved by following steps: (1) Load the seconds counter of 
RTCs in all the nodes with future time by remote command. (ii) Enable PPS 
fan-outs to all nodes via the command server, at pre-loaded time which enables 
common clock and PPS to all the RTCs. The subsequent PPS synchronizes RTCs 
by clearing 100 ns counters. 

4. Time to Digital Converter: The HPTDC by CERN is used to measure round trip 
delays with a resolution of 100 ps [1]. 

5. Clock Switchover Module: Switch-overs to Internal Clock or PPS in the absence 
of their global counterpart signal. 

6. NIOS I Microprocessor and Network Interface: The processor is used for local 
program control, data acquisition and remote command interface, and Wiznet 
5300 is interfaced with it for remote network interface. 

7. Trigger Discrimination: Identifies the trigger as Normal or calibration type based 
on width and acts accordingly. 
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138.3 Results and Conclusions 


The Fig. 138.3. shows measured round path delay 7.5m cable with o = 94.8 ps. 
Evaluation tests with lengthier cables also show the desired results [2].The observed 
results show good stability of RTC time synchronization among 3 DAQs over a period 


24h. 


References 


1. J. Christiansen et al., High performance time to digital converter, Version 2.2, 2004. (CERN) 
2. P. Kaur et al., Delay and offset calibration schemes for the INO ICAL electronics, in XXJ DAE- 


BRNS High Energy Physics Symposium (2014) 


Chapter 139 M®) 
Muon Chamber Endcap Upgrade of the a 
CMS Experiment with Gas Electron 

Multiplier (GEM) Detectors and Their 
Performance 


Mohit Gola 


139.1 Introduction 


The Large Hadron Collider (LHC) is the most powerful particle accelerator till date, 
built by the European Organization for Nuclear Research (CERN). From time to 
time, LHC needs upgrade so that the discovery potential is increased. This involves 
the upgrade of the accelerator systems of LHC and its detectors. Compact Muon 
Solenoid (CMS) [1] is one of the multi-purpose detectors of LHC having onion- 
like structure which is capable of studying many aspects of proton collisions at 
TeV scale. Due to the LHC Upgrade, there will be increase in the centre of mass 
energy upto 14 TeV and luminosity to 5 — 7 x 10°4 which will help to study the high 
energy range physics and rare decays that could be beyond the SM. By increasing the 
collision rate, the detection environment in CMS gets affected as the background rate 
of forward region of CMS muon end-caps increases abruptly. Therefore, CMS GEM 
Collaboration [2] decided to introduce additional gaseous detectors in the forward 
end- caps, which can operate at very high rates with good performance, which are 
known as Gas Electron Multiplier (GEM). The upgrade project is named as GE1/1, 
where “G” stands for GEM, “E” for End-cap and “1/1” corresponds to first muon 
station and its first ring, respectively. The full ¢@ coordinate and the pseudo-rapidity 
region 1.55 < n < 2.18 will be covered by trapezoidal super- chambers (layer of 2 
triple-GEM detectors). 

Few detectors are going to be installed inside CMS cavern for testing and commis- 
sioning purpose called Slice Test [3] in which 10 detectors with 2 different geome- 
tries (Short and Long) are used. These Slice Test detectors should pass few Quality 
controls which are described below. 
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Fig. 139.1 Left: showing the leakage current of 4 long and 6 short GEM detector prototypes. Right: 
showing the HV test of 2 long and 2 short GEM detector prototypes 


139.2 Quality Controls 


CMS GEM Collaboration has decided to perform following tests before installing 
the detectors for Slice Test and this paper consists of results with 4 long and 6 short 
GEM detector prototypes (generation VID). 


139.2.1_ QC2: Leakage Current Test 


When a voltage is applied across the GEM Foil, a current flows from top to bottom 
due to the surface conductivity of the polyimide (Kapton) which is known as leakage 
current. Applying voltage across the foil also burns the dust inside the holes and blow 
it away. The results are shown in Fig. 139.1 (left). 


139.2.2 QC3: Gas Leak Test 


To test the gas tightness after assembling a detector, it is first over-pressurized under 
the safe limit of 25 mbar. The input and output valves of the detector are then closed 
to detect any gas leak. Ideally, the detector is said to be gas tight if the over-pressure 
in its volume remains constant with time. The results of this test are not yet approved. 
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Fig. 139.2 Left: showing the spurious signal rate of 4 long and 5 short GEM detector prototypes. 
Right: showing the gain of 4 long and 4 short GEM detector prototypes 


139.2.3 QC4: High Voltage Test and Spurious Signal 


This test is performed under the high voltage (HV) environment to check the 
behaviour of the HV distribution circuit of the detector. The result is shown in 
Fig. 139. 1(right). If the rate of particles is observed in cool gas at high voltage, 
such signals are known as Spurious Signals. We measure this rate from the bottom 
of the third GEM Foil as a function of the current across the HV divider. The result 
is shown in Fig. 139.2(left). 


139.2.4 QCS5: Gain Test 


Gain is defined as the ratio of the output current to the input current. The current and 
rate are measured across the (in, i@) = (4, 2) readout sector under the radiation of 
X-rays as shown in Fig. 139.2(right). 


139.3 Conclusions 


Two prototypes of GEM detectors will be used i.e. Short (106.1 x 23.1 x 42.0) 
and Long (120.6 x 23.1 x 44.6) in the upcoming slice test. We have shown the 
performance, specifically: GEM foil leakage currents, chamber gas volume integrity, 
high voltage circuit performance, and effective gain of the GE1/1 chambers which 
are going to be installed during the slice test. 
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Chapter 140 M®) 
Numerical Investigation on RPC Time cro 
Response 


Abhik Jash, Sridhar Tripathy, Nayana Majumdar, Supratik Mukhopadhyay, 
Satyajit Saha and Subhasis Chattopadhyay 


140.1 Introduction 


The proposed ICAL [1] detector at INO will be used to study the atmospheric muon 
neutrinos to deliver improved precision of neutrino oscillation parameters, measure 
the deviation of mixing angle from its maximal value, determine its correct octant 
along with the neutrino mass hierarchy. ICAL is a magnetized calorimeter equipped 
with 50kTon target mass of iron plates interleaved with Resistive Plate Chambers 
(RPCs) acting as tracking devices stacked in 150 layers. Position and timing infor- 
mation as delivered by the RPCs are two important parameters needed for studying 
the neutrino properties. So, understanding the physics behind the performance of 
RPC is necessary in optimizing the calorimeter design, predicting and interpreting 
the measurements. 

Attempts have been made to simulate the timing performance of a RPC using a 
30cm x 30cm Bakelite RPC with 2mm gas gap as a model. The effects of different 
operating conditions like applied voltage, gas mixture and geometrical component 
like edge spacer on the timing performance have been studied. The numerical results 
have been compared to the available analytic values as well. 
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140.2 Numerical Calculations 


Garfield simulation framework [2] has been used to calculate the signals induced 
on the RPC read-out strip due to passage of muons through the detector follow- 
ing Shockley-Ramo theorem [3, 4]. Computation of other parameters relevant for 
simulating the signal, such as primary ionization, electric and weighting field maps, 
electron transport properties, has been done using the toolkits of Garfield, namely, 
HEED [5], neBEM [6] and Magboltz [7] respectively. 

Muons of energy 2GeV have been passed through the RPC gas chamber in 
randomly varying directions spanning a range of zenith angle, 6 = 0 — 10° and 
azimuthal angle, 6 = 0 — 360°. The time corresponding to the crossing of 20% of 
the amplitude of current signal, induced due to the passage of a muon has been con- 
sidered as the signal arrival time. A histogram has been filled in for the arrival of 
5000 events using ROOT [8], whose mean and RMS give the average signal arrival 
time and intrinsic time resolution respectively. 


140.3 Results 


The variation of average signal arrival time and time resolution as a function of the 
applied voltage and for different SF, percentage in the gas mixture has been shown 
in Fig. 140.1. The proposed method of calculation is valid for signals generated 
after a certain threshold voltage, V;, (~9.8kV for 0.5% SFe and ~9.4kV for the 
others in Fig. 140.1) below which the avalanche process is too small to produce 
proper signals. For voltages above V,,;,, the detectable signal is produced earlier as 
the drift velocity increases with the rise in voltage. SF, plays the role of limiting the 
electron production, which in turn causes a delay in producing a detectable signal. 
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Fig. 140.1 Variation of average signal arrival time and time resolution of RPC with the applied 
voltage and the corresponding electric field for different amount of SF¢ in gas 
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Fig. 140.2 Variation of average signal arrival time and time resolution of RPC with the distance 
from the edge spacer of RPC 


This explains the slower arrival of signal for larger amount of SF [9]. The analytic 
value of time resolution as calculated under certain assumptions [10], shows that it 
varies inversely with the effective Townsend co-efficient (aff) and the drift velocity 
(V,). The increase of both the parameters with the voltage explains the improvement 
of time resolution at higher field values. With the increase in SF, amount, the value 
of oe¢¢ decreases, whereas V, remains almost unchanged which in turn degrade the 
time resolution. Our earlier calculations [11] have shown a reduced electric field 
near the edge spacer of RPC, which is expected to affect the timing properties at 
that region. The timing parameters as calculated at different distances away from 
the edge spacer have been depicted in Fig. 140.2 which shows that the effect of the 
component stretches up to 0.5 cm in this case. 


140.4 Conclusion 


The numerical calculations show that the average signal arrival time and time reso- 
lution improve with the increase in applied voltage. This trend is supported by the 
analytic formulation of time resolution [10]. Increase in the proportion of streamer 
quencher SF, has been found to deteriorate the time resolution. The presence of 
geometrical components affects the time resolution in comparison to the usual value 
as the electrostatic field gets distorted due to their presence, as has been observed in 
case of edge spacer. 
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Chapter 141 ®) 
Composite Inert Doublet Dark Matter creek 


Siddhartha Karmakar 


141.1 Introduction 


In composite Higgs models the hierarchy problem of Higgs mass gets alleviated 
due to the presence of a new strong interaction scale around a few TeV. Here the 
Higgs appears as a pseudo-Nambu-—Goldstone boson (pNGB) of a broken global 
symmetry of the strong sector. Numerous studies have been performed for the coset 
SO(5)/SO(4), also known as the Minimal composite Higgs model. Beyond this 
minimal choice, models with extended composite scalar sectors can also be con- 
structed [1-5]. 

We consider a Composite Inert Doublet dark matter Model (CIDM), where two 
PNGB scalar doublets span the SO (6)/SO(4) x SO(2) coset. One of these doublets, 
being odd under a remnant Z,-symmetry of the coset, can provide a dark matter 
candidate. We explore some aspects of the relevant parameter space of this model 
allowed by relic density (RD). Such an endeavour was undertaken in [5] earlier. 
But we focus on the role of the quartic scalar couplings and its interplay with the 
compositeness scale (f) and mass differences of the new scalars in more detail. 


141.2 The Model and Results 


A general study of composite (extended) scalar sectors can be performed in terms 
of higher dimensional operators [6] and these operators can be classified according 
to their relative weightage following the prescriptions introduced in [7]. Some of 
the least suppressed operators are of type ¢*+D? and ¢°, where ¢ stands for scalars 
and D for derivatives. For the SO(6)/SO(4) x SO(2) coset, two operators of type 


S. Karmakar (BX) 

Discipline of Physics, Indian Institute of Technology Indore, Khandwa Road, 
Simrol, Indore 453552, India 

e-mail: phd1401251010 @iiti.ac.in 


© Springer International Publishing AG, part of Springer Nature 2018 599 
Md. Naimuddin (ed.), XX/ DAE High Energy Physics Symposium, Springer 
Proceedings in Physics 203, https://doi.org/10.1007/978-3-319-73171-1_141 


600 S. Karmakar 


¢* D* with two inert fields survive [4] and one can do a little algebra to write them 
as O; = (®/D,,® + h.c)(®} D'®, + h.c). We use the notations introduced in [8] 
for the scalars and their masses. We refrain from considering 1’, 3.4.5 (in (141.1)) 
whose values depend on the representation of SM quarks under S O(4) x SO(2). 
As it was pointed out in [5], the low DM-mass region for a general CIDM is almost 
entirely ruled out by direct detection experiments or theoretically disfavoured, we 
only focus on My = 500GeV. In this region the key annihilation channel for DM 
pair is into a vector boson pair. So, in this case, the relevant Lagrangian for CIDM 
is, LcIpM = Lsm + L’, where, 


nN + 
L’ Dd [Dy Po)? — 1312)? (14 a ee ee 


4 + 
2 = (1+ Bie?) ((P} 2)” + h.c) + ao) [Dy Pp + h.c)(®; DD"; +hc). (141.1) 


The set of parameters for studying the relic abundance is {My, AM,, AMy-, x, f 

A2, A5, Ay, AS, f}, where, Pe = 3.45 uC + A; +). We have used software 
package micrOMEGAs4.1 to investigate the DM properties [9]. The HHh cou- 
pling relevant for RD in CIDM case is a f plus an additional contribution coming 
from the gauge-Higgs operator O;. To properly disentangle the effect of composite- 
ness coming from gauge-Higgs operator we take Ae as a parameter, not the H Hh 
coupling, unlike [5]. A2 has almost no impact on RD and we keep \2 = 0.9 for all 
cases to satisfy the vacuum stability criteria. In the pure gauge (PG) limit (all quartic 
couplings set to zero) RD can be obtained for f = 2377 GeV. The RD first increases 
and then decreases as one increases DM mass; unlike the mer oon inert dou- 
blet model (IDM), where it keeps increasing. The impact of Ps inthe HH > VV 
channel can not be numerically seen if the effect of ecannitilation is too large (cor- 
responding to A M4 y+ ~ O(0.1) GeV). On the other hand, achieving correct relic 
abundance with A M4 4+ ~ O(1)GeV comes at the expense of relatively higher 
values of # compared to the PG or almost-degenerate limit. We take a few combina- 
tions of the parameters to illustrate these effects and in each case we have varied one 
parameter at a time. In Fig. 141.1a, C1, C2 and C3 correspond to WT = —0.01, 0 
and 0.01 respectively, with {A My = A My+ = 4GeV, f = 3.5 TeV}. We have kept 
A} 4.5 = 0 to avoid unnecessary complications. The destructive interference for the 
eff 


negative sign of \;'" is clearly visible in Fig. 141.1a. 


In Fig. 141.1b, we demonstrate the dependence of relic density on pes ! for scenar- 
ios with A M4 4+ ~ O(1) GeV. C4 = {My = 800GeV, A My = A My+ = 7GeV, 
f = 8TeV}, C5 = {My = 800GeV, AM, = AMy+ =7GeV, f = 7TeV}, C6 
= {My = 600GeV, AM, = AMy+ = 3GeV, f = 10TeV}, and C7 = {My = 
600 GeV, A My = AMy+ = 2.8GeV, f = 10 TeV}. If A¢/" is kept decreasing from 
its null value, it will increase the rate of H H — hh, and thus, after a certain point, 
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Fig. 141.1 a Relic density versus My, b Relic density versus is . Horizontal blue band stands 
for 30 range for relic density, Qh? = 0.1186 + 0.0020 [10]. Gray shaded regions are excluded by 
LUX-2016 data 


it will lead to the decrease of relic abundance. For example, in C4, relic abundance 
starts decreasing for Bt f < —0.129. C6 and C7 show that making the scalars more 
degenerate leads to higher DM abundance, which happens for IDM too. C4 and C5 
show that increasing the compositeness scale has similar impact on the relic density. 
Unlike [5], we properly disentangle the effect of the gauge-Higgs operator O; on 
relic density. In addition, we have numerically illustrated the destructive interference 
in H H — V V for negative values of ps ! We also illustrate the effect of mass split- 
ting of the Z, odd scalars on the relic density and its interplay with f in order to 
satisfy relic density constraint. 
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Chapter 142 ®) 
Belle II Silicon Vertex Detector: Design ony 
Requirements and Construction Status 


D. Dutta and G. B. Mohanty 


142.1 Introduction 


The Belle I experiment [1] will be the next generation flavor factory operating at 
an instantaneous luminosity 40 times that of Belle [2]. This will be achieved by 
decreasing the beam size by a factor of 20 while increasing the beam currents by a 
factor of 2. The increased luminosity also increases the background level. 


142.2 The Belle II Silicon Vertex Detector 


To operate at such a high luminosity environment, the silicon vertex detector 
(SVD) [3] along with the pixel detector [4] is designed to provide excellent spatial 
resolution (~20 1m) and low momentum tracking, be radiation tolerant, mechani- 
cally stable and immune to background hits. It is also required to have low material 
budget and fast readout electronics (O(50 ns)) [1]. 


142.3. The SVD Design 


The SVD consists of four layers of DSSD sensors (layers 3-6) at radii 38, 80, 115 
and 140mm with an angular acceptance ranging from 17° to 150°. The innermost 
layer of the SVD is cylindrical, while the outer three have a lantern shape. This is 
due to the presence of trapezoidal sensors in the forward region. The four layers are 
composed of 7, 10, 12 and 16 modules (‘ladders’) with 2, 3, 4 and 5 sensors per 
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Fig. 142.1 Computer aided design of Belle II VXD showing different SVD ladders 


ladder, respectively. These sensors are supported by lightweight carbon fibre ribs 
having high tensile strength [1]. The APV25 [5] chips are used for readout due to 
their short shaping time and high radiation tolerance. These chips consist of low-noise 
preamplifiers followed by a shaper. To retain a high signal-to-noise ratio (SNR), the 
capacitive load of the amplification system should be low. This requires placing the 
chips very close to the sensor. At Belle II, a flexible circuit called Origami containing 
the APVs are directly placed over the n-side of the inner DSSDs (with a thermal and 
electrical insulator [6] in between) to maintain high SNR while minimizing the 
material budget. This novel concept is called the Origami chip-on-sensor design. 
Another highlight of the design has been the use of dual phase CO» (liquid and gas 
mixture) for cooling the DSSDs, which enables a common cooling pipe to be used 
for two adjacent ladders (Fig. 142.1). 


142.4 Assembly Procedure, Mechanical and Electrical Tests 


The SVD ladders are assembled at various sites. TIFR is involved in the assembly 
of Layer 4 of the SVD. In general, these assembly procedures require a high level of 
precision and are accomplished with the help of several dedicated support structures, 
jigs. Gluing is done for mechanical connection. To make electrical connections, wire 
bonding is done using an ultrasonic wedge bonder. Details can be found in [7]. 
The gluing and wirebonding parameters need to be optimized. Precise coordinate 
measurements and electrical testing are done at various stages during the assembly 
procedure. Before the ladder assembly, the sensors are electrically tested. Current- 
voltage (IV) measurements are done to determine the breakdown voltage and overall 
sensor quality. After full ladder assembly, various coordinate measurements are done 
to check whether the ladder is aligned with the desired precision or not. We measure 
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Fig. 142.2 A fully assembled layer 4 ladder 


coordinates of some randomly chosen points and check the precision of various 
alignment parameters. Electrical tests are then performed to determine the overall 
electrical performance of the APV chips and fully assembled ladder. We send some 
electrical or radioactive signals and try to read the output via the APVDAQ [8] 
system. The defective strips are detected with the help of pulse height, noise, SNR 
and APV response curve. They are then recorded to an online database system. 


142.5 Current Status 


After building several working prototypes, all assembly sites are now onto the pro- 
duction grade ladders. Figure 142.2 shows a production grade L4 ladder. Ladder 
production is expected to complete by November 2017. Ladder installation in the 
endrings is planned to start from May 2017. 


Acknowledgements The authors thank the conference organizers for organizing such a nice con- 
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Chapter 143 ®) 
A Holographic Description of BCS cro 
Instability at Finite Baryon Density 


Swarnendu Sarkar, Sudipto Paul Chowdhury, S. Kalyana Rama, 
Balachandran Sathiapalan and Nilanjan Sircar 


143.1 Introduction 


In the recent years there has been a lot of work devoted towards the study of strongly 
coupled systems using AdS/CFT duality [1]. The applications of this duality range 
from attempts in understanding Quantum Chromodynamics (QCD) to various con- 
densed matter systems. Holographic superconductivity is one such promising field 
of research. In the Ginzburg—Landau type of approach, one studies the dynamics of 
a charged scalar field in the background of an Reissner Nordstr6m-AdS (RN-AdS) 
black hole. By the AdS/CFT dictionary the boundary value normalizable mode of 
the charged scalar field gives the expectation value of the scalar field (condensate) it 
corresponds to. The appearance of an expectation value then signals a condensation 
that breaks the boundary U(1) symmetry. The bulk dual of the boundary instability 
is the instability of the RN-AdS black hole. Our main aim however is to study models 
that begin with a string theory. In this case the field content will be known precisely. 
We can then shed some light on the formation of Cooper pairs. Holography works 
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for non-Abelian gauge theories. So we look at QCD models with a large number of 
colors, N-. 


143.2 A Microscopic Model 


Holographic examples of large N. QCD models were first studied by Witten [2], 
and more recent versions of it were constructed by Sakai and Sugimoto [3]. The 
model that we propose [4] consists of SU(N.) Yang-Mills with large N, and two 
flavors of quarks. At low temperatures the theory is in the confined phase. When we 
have a finite density of baryons we expect the phase to be superconducting. We thus 
analyze this model in the following two steps: (i) Introduce finite baryon density at 
zero temperature and check that the phase with this finite baryon density is favourable 
over the vacuum phase. (ii) We then look for solutions that probe the existence of 
a baryon number violating condensate. The existence of these solutions will then 
prove the appearance of the superconducting phase. 


D-brane configuration: In the Sakai-Sugimoto model SU(N.) Yang-Mills is real- 
ized on a stack of N, D4 branes. With one direction along the D4 compactified, the 
low energy theory is pure SU(N.) Yang—Mills in 3 + 1 dimensions. Flavor quarks 
are introduced through probe D8 branes. The U(1) gauge symmetry on the probe 
D8 brane corresponds to the U(1) baryonic symmetry of the theory on the D4. The 
corresponding charge d gives the baryon density. We need fields charged under this 
U(1) which will act as probes for the formation of the superconducting conden- 
sate. However the low energy spectrum on a single D8 brane contains only one real 
scalar. We thus consider two D8 branes. The gauge symmetry on the pair of D8’s is 
U(2) = U(1)g x SU(2). If Tr! are the generators of SU (2) we can then decompose 
the scalar and field as = @? r + @trt + @~7~ and similarly for the gauge field 
A. The scalar and the gauge fields ®* and A* are charged under the U(1)3 generated 
by 7°. So if we turn on sources corresponding to this U(1)3, these fields can then 
act as probes for the condensate. The baryon charge d3 due to the two branes thus 
come with opposite sign and the net charges corresponding to the branes, (d,, dz) are 
different, where dj. = dy + S, do being the charge due to U (1) x. In the presence of 
sources the D8 branes form a cusp at the lowest point [5]. If there are a set of D8’s 
they come at different angles at the lowest point and thus locally they intersect. This 
breaks the U(1)gz x SU(2) symmetry to U(1)g x U(1)3.' A study of the phases 
shows that the phase with nonzero d3 is favored over the vacuum phase [4]. We 
thus have a phase with finite baryon density. When two branes meet at an angle, in 
general there is a tachyonic mode. This mode drives the process of smoothening out 
the intersecting configuration. We identify this with the Cooper pairing instability 


'The U(1)’s on the branes are sourced by instantons. So strictly speaking we should start with 
a configuration of 2n (n > 1) D8 branes thus having U(2n) symmetry. This symmetry is then 
broken down to U(n) x U(n) = U(1)g x SU(n) x U(1)3 x SU(n). However since the SU (n) is 
not relevant for our analysis we only work with U(1)g x U(1)3. 
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of the strongly coupled theory. There should be a condensate of charged fields that 
breaks the U(1)3 symmetry. This is demonstrated numerically in the Yang—Mills 
approximation in [4]. 


Finite temperature: In a simplified setup of intersecting D1 branes in flat space, the 
tachyonic instability was studied at finite temperature in [6]. This computation is done 
with the aim of capturing the essential physics of the instability of intersecting D8 
branes in D4 brane background. Tree-level analysis shows that the mass-squared for 
the tachyon is given by —0/(27a’), where 0 is the intersecting angle and the constant 
a is the square of the string length. At zero temperature this instability was studied in 
the Yang—Mills approximation in [7]. The Yang—Mills approximation is valid as long 
as the intersecting angle is small. Thus if the intersecting configuration is defined 
by } = qx then (0 > 0, a —> 0), 6/(27a) = q (fixed). At finite temperature we 
expect the instability to vanish above a critical temperature T,. This was demonstrated 
at the one-loop level by computing the finite temperature correction to the tachyon 
mass for intersecting D1 branes. For the Yang—Mills coupling, g? = 0.01 and forg = 
0.1, 0.2 and 0.3 the critical temperatures are T, = 3.34, 9.48 and 16.73 respectively. 
This analysis was further generalized to that case of intersecting D2 and D3 branes 
in [8] (see also [9]). 
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Chapter 144 M®) 
Generalized Degeneracies and Their cro 
Resolution in Neutrino Oscillation 

Experiments 


Newton Nath, Srubabati Goswami and K. N. Deepthi 


144.1 Introduction 


Standard three-flavor neutrino oscillation paradigm consists of six oscillation param- 
eters, these are; (i) 3-mixing angles (6;;, j > i = 1, 2,3), (ii) 2-mass squared dif- 
ferences (Am?,, i = 2,3) and (iii) the Dirac CP phase dcp. Almost two decades of 
neutrino oscillation experiments have measured or given hints about these param- 
eters. Currently, the major three unknowns in neutrino oscillation physics are, (i) 
neutrino mass hierarchy, i.e. the sign of |Am3, |(Am3, > 0 is known as the normal 
hierarchy (NH) or Am, < 0 is known as the inverted hierarchy (IH)), (ii) the octant 
of 623 (823 < 2/4 is known as the lower octant (LO) or 623 > 2/4 is known as the 
higher octant (HO)) and (iii) the CP phase 5c p, recently T2K results hint towards the 
maximal dcp value [1]. The (LBL) oscillation experiments like, T2K [2] and NOvA 
[3] which are currently taking data, can provide information on these unknowns. The 
major obstacles which these LBL experiments have to overcome are the issues of 
parameter degeneracies i.e. at least two different sets of parameters giving rise to the 
same oscillation probability. 

In this work, we show in a comprehensive way the parameter degeneracies in 
the test (6.3 x dcp)-plane for a given set of representative true values for both the 
hierarchies. Depending on right (R) or wrong (W) values of (hierarchy—octant—4dc¢ p), 
there can be 8-possible solutions. We show all the possible observed degeneracies, 
by considering NOVA neutrino runs and then we discuss the role of antineutrinos 
(v s) to resolve these degeneracies. We then demonstrate how the addition of T2K 
and ICAL@INO can help in further constraining the degenerate solutions. Sub- 
leading effects originating from new physics beyond Standard Model may affect 
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the determination of various unknowns in neutrino oscillation physics. In the near 
future, this can be probed in the neutrino oscillation experiments. In this respect, we 
also present a possible new physics scenario, namely NSI and discuss its effect on 
the determination of neutrino mass hierarchy. The oscillation probabilities which are 
relevant in our study are considered from [4]. The simulation details and experimental 
specifications that we considered are given in [5, 6] and the references there in. The 
current best fit values and 30 ranges, that we considered in our study are consistent 
with [7, 8]. 


144.2 Results 


In this section, we present the degeneracies present in both probability and x7 level 
and the role of the V s to resolve these degeneracies. We also discuss the role of T2K 
and ICAL@INO. The first column of Fig. 144.1 describes the degeneracies in the 
appearance channel. The descriptions of the various bands are given in the figure. 
We see here that the overlapping regions between navy-blue and green bands show 
the degeneracy for the same values of dcp. Whereas, by drawing a horizontal line 
for a given probability one can identify various other degeneracies present at the 
probability level. Second column shows the degeneracies at the x7 level. In this 
figure, the true point (39°, —90°) is marked with the black dot and the contours 
around it show the true solutions. Whereas, contours around 623 ~ 52° show the 
degeneracies with wrong octant. In the third column we show the allowed region 
using NOvA+T2K+ICAL@INO. In this case the degenerate solutions are removed 
by v-run and the allowed area is further constrained by T2K+ICAL@INO. The 
detailed analysis for other sets of parameter values are presented in [5]. 
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Fig. 144.1 Here, first (second) column shows the degeneracies in probability (event) level. Whereas 
third column shows the removal of degeneracies and the precision of the parameters due to the 
addition of (v + D) run from T2K and ICAL@INO. Note that the plots are based on [5] 
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Fig. 144.2 Here, first column shows the appearance channel probability in presence of NSI param- 
eter, €ee for DUNE. Whereas second column shows the hierarchy sensitivity in presence of NSI 
parameters €¢¢, €e,. Note that the plots are based on [6] 


In the Fig. 144.2, we describe the role of NSI on the determination of hierarchy for 
DUNE. We focus on the effects of propagation NSI for which an extra contribution 
to the Lagrangian can come from dimension-six four-fermion operators: 


— LRG = 2V2G pels Gay? Prvp)(F%pPcf) + Hc. (144.1) 


where oe are NSI parameters a, B = e, u,t, f =u,d,e, C denotes the chirality 
and Gr is the Fermi constant. In [6], we discussed the role of the diagonal NSI 
parameter €,.. In the first column of Fig. 144.2, we present the P,,e VS €ce (model- 
independent range) for fixed energy, dcp. The width of the bands are over octant 
for a given hierarchy as described in the figure. We mainly focus on a special point, 
€ee = —1 for which, the NSI effect gets nullified by the usual matter term. Hence, in 
absence of off-diagonal NSI parameters any LBL experiments will not be able to lift 
this degeneracy. In the second column, we discuss this degeneracy at the x7 level and 
also describe the role of off-diagonal NSI parameter €.,. Here, brown curve shows 
the degeneracy for €.. = —1 at x7 level and the pink curve shows that addition of 
€er is not able to lift the degeneracy once €,, = —1. Whereas, the green curve shows 
that if €.. A —1 then DUNE can have hierarchy sensitivity if certain ranges of €¢¢ 
are not allowed. 

In conclusion, we describe the (hierarchy—octant—dcp) generalized degener- 
acy and their resolution using neutrino oscillation experiments. We also discuss 
the impact of NSI on the mass hierarchy determination in case of DUNE. 
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Chapter 145 Mm) 
Studies on Gain of Triple GEM Using crest 
Different Argon Based Gas Mixtures 


Prasant Kumar Rout, Deb Sankar Bhattacharya, Purba Bhattacharya, 
A. R. Sahasransu, Supratik Mukhopadhyay and Nayana Majumdar 


145.1 Introduction 


A typical GEM [1] foil consists of two copper layers of thickness 5 um separated by 
a thin insulating polyimide material (usually Kapton) of thickness 50 jum. It typically 
contains a matrix of bi-conical holes of outer diameter 70 j1m and inner diameter 50 
jm etched with a pitch of 140 zm. Gas amplification occurs inside the holes of the 
GEM foils in the presence of high electric field. 


145.2 Laboratory Experimental Setup 


One triple GEM detector has been assembled and tested in the test bench at SINP. 
It is a stack of three GEM foils as shown in Fig. 145.1. In the present work we have 
studied the detector gain and electron transport properties of the gas mixture. The 
experiment has been performed using the gas mixture Argon + CO) with mixing 
ratio 80 : 20 and 70 : 30 respectively with a °° Fe source which emits 5.91 keV Kg, 
X-ray photons. In the present work, 3: 1 : 2: 1 (Drift: Transfer 1 : Transfer 2 : 
Induction) gap configuration has been used (Fig. 145.2). 
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Fig. 145.1 Schematic of 
experimental setup 


Drift Plane 


Fig. 145.2 SINP test bench 
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145.3 Experimental and Numerical Results 


Experimental Results: The variation of gain with high voltage is shown in Fig. 145.3. 
As expected, the gain increases exponentially as the high voltage is increased. At 
very high values, however, the increase is no longer exponential (or the exponent is 
modified). This may be because of the effects of space charge accumulation within 
the triple GEM detector. A typical >> Fe spectrum obtained during the experiment is 
shown in Fig. 145.4. 

Numerical Results: The gas transport properties, like Townsend coefficient and 
drift velocity of electrons have been calculated using Magboltz [2] through Garfield 
[3] interface. The variations have been presented in Figs. 145.5 and 145.6. Numerical 
calculations shows that, Argon + COz (80 : 20) gas mixture has higher Townsend 
coefficient than the Argon + CO» (70 : 30) gas mixture as shown in Fig. 145.5. This 
explains the higher gain in the Argon + CO, (80 : 20) gas mixture experimentally 
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Fig. 145.5 Variation of 
Townsend coefficient with 2000 
electric field 1800 
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as shown in Fig. 145.3. At higher voltages, the probability of space charge effect 
and spark dominates. As a result, the gain drops and begins to saturate in both 
compositions of Argon + CO» gas mixture. In the present results, the onset of this 
regime is found to be earlier than expected. As shown in Fig. 145.6, Argon + CO2 + 
CF, mixture is the fastest, while Argon + CO, (70:30) gas mixture is the next good 
option in the region of our interest (drift, transfer and induction fields of 1-5 kV/cm). 
The N> based gas mixture seems to be faster than other gas mixtures at higher fields 
and could be interesting for RPCs. 
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145.4 Conclusion 


Preliminary steps have been taken to characterize a small triple GEM prototype 
detector. Experimental and numerical studies have been carried out to understand 
the influence of different components and proportions of gaseous mixtures on the 
detector performance. Choice of gas mixture, as expected, has a significant impact 
and, depending on the projected application, experimental and numerical studies 
need to be conducted. 
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Chapter 146 M®) 
Simulation Studies of the Lambda Disks ectics 
Detector for the PANDA Experiment 


Ajay Kumar and Ankhi Roy 


146.1 Introduction 


PANDA (antiProton ANnihilations at DArmstadt) was conceived to study proton 
antiproton annihilations at the FAIR (Facility for Antiproton and Ion Research) [1]. 
The main physics motivation of PANDA is to shed light on the low energy regime of 
Quantum Chromodynamics (QCD) and to explore the energy region between pertur- 
bative and non-perturbative QCD. This presents the possibility to include hyperon 
studies in the PANDA physics program. Hyperons decay weakly and hence have a 
long decay length of several centimeters. This leads to a decay of hyperons in an 
outer part or even outside the Micro Vertex Detector (MVD). In order to improve the 
reconstruction of hyperons, it was proposed to include an additional Lambda Disks 
Detector (LDD) in forward direction in front of the MVD. It consists two layer of 
double sided silicon strip sensors located in a large free volume between the MVD 
and the Gas Electron Multipliers (GEM) detector. 


146.2 Simulation Studies of Lambda Disks Detector 


The reaction pp — AA -—> pprtn- was simulated and reconstructed at inci- 
dent beam momenta of 1.8 and 4.0GeV/c to perform feasibility studies of the 
Lambda Disks Detector, using FairRoot and PandaRoot. The selected 1.8 GeV/c 
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beam momentum was 4.0 GeV/c chosen near to production threshold (1.436 GeV/c) 
of the above reaction, while 4GeV/c was selected to assess the performance of the 
detector at higher energies. The EvtGenDirect [2] event generator is used for the 
generation of AA events. EvtGenDirect provides two different decay models for 
this decay, LambdaLambdaBar and LambdaLambdaBarHE. The LambdaLambd- 
aBar model is based on an experimental angular distribution described by 8th order 
Legendre polynomials, for 1.8 GeV/c beam momentum. The LambdaLambdaBarHE 
decay model is used for the simulation at 4 GeV/c and also based on an angular dis- 
tribution parametrization with a momentum dependent exponential function. 

We have estimated the reconstruction efficiency and mass resolution of A and A 
hyperons with and without the Lambda Disks Detector. A double Gaussian function 
is used to fit the A peak from invariant mass distributions, since the combinatorial 
background has approximately a Gaussian shape. The mean values and the o of the 
fitted distributions are tabulated in Table 146.1 without and including the Lambda 
Disks Detector at both the tested beam momenta. The reconstruction efficiencies of 
A hyperons is shown in Fig. 146.1 and estimated values are tabulated in Table 146.1. 
The overall AA reconstruction efficiency is found to be 28.5 and 20% at 1.8 and 
4.0 GeV/c, respectively. Simulations for pp > D**+ D*- + D°xt+ D°r and pp > 
J/ia* x were performed as well to study the effect of the Lambda Disks Detector 
on their reconstruction efficiencies. The reconstruction performance of these two 
channels should not be affected by the addition of Lambda Disks to the PANDA 
detector setup. The mean and o values of the fitted mass distributions from both the 
channels and the average reconstruction efficiency for each produced particle are 
tabulated in Table 146.1. 

It is concluded from these simulation studies that the reconstruction efficiency 
and resolution of produced A hyperons are not affected after the addition of the 
LDD. However, the number of hit points per track are increasing with the addition 
of these two disks to the central detector system of PANDA, which is a positive sign 
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Fig. 146.1 Reconstruction efficiency of A (left) and A (right) at 1.8 GeV/c incident beam momen- 
tum with and without the Lambda Disks Detector 
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Table 146.1 Reconstructed invariant mass and efficiency without (with) the Lambda Disks Detector 
of A (A) hyperons at two different beam momenta and for produced mesons from both selected 
channels. The statistical errors for the mean and o values are less than 1 MeV/c? 


Detector Pream [GeV/c] | Particle Mean oO [GeV/c?] Avg. Reco. 
status [GeV/c?] Effi. [%] 
w/o LDD 1.8 A 1.114 0.004 42 
A 1.115 0.003 48 
4.0 A 1.116 0.003 25 
A 1.116 0.002 52 
w/ LDD 1.8 A 1.115 0.004 42 
A 1.115 0.003 48 
4.0 A 1.116 0.003 25 
A 1.116 0.002 52 
w/o LDD 8.0 pD° 1.86 0.019 75 
D9 1.86 0.019 75 
8.0 D*+ 2.01 0.017 40 
D*- 2.01 0.017 40 
w/ LDD 8.0 D° 1.86 0.019 75 
D° 1.86 0.019 75 
8.0 D*+ 2.01 0.017 40 
D*- 2.01 0.017 40 
w/o LDD 6.0 J/w 3.086 0.052 84 
w/ LDD 6.0 J/w 3.085 0.053 84 


towards the development of the LDD. In these feasibility studies, the LDD are kept at 
fixed positions from the interaction point and an ideal track finder algorithm is used 
to find the tracks from the secondary decay vertices, considering them decayed at 
origin, due to the unavailability of a secondary track finder algorithm with the present 
PandaRoot software. One could repeat the same study with the secondary tracking 
algorithm while it is implemented within PandaRoot software and by changing the 
locations of the LDD in order to optimize the position of the detector. Finally, if one 
considers the improvement in the reconstruction efficiency of hyperons with LDD, 
then PANDA should add the LDD. This will help to improve the hyperon studies. 
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Chapter 147 ®) 
Flux Tubes, Field Configuration and cro 
Non-Perturbative Dynamics of QCD 


Deependra Singh Rawat, H. C. Chandola, H. C. Pandey and D. Yadav 


The color confinement remains to be one of the major challenging issue for many 
years as it is directly linked with the physical spectrum of the theory. There are 
many proposed conjectures made in this direction among which dual QCD based 
on magnetic symmetry [1-4] has been used here as a viable theory to explain the 
confining features of quarks inside the hadronic cage. In such a dual theory, the flux 
tube solutions [5] appear as a result of the topological degrees of freedom with the 
appearance of vector and scalar glueballs in the magnetically dominated regime of 
QCD vacuum. This novel picture of dual QCD vacuum is expected to systematically 
explore the complicated phase structure of QCD with the possibility of the formation 
of QGP [6, 7] as a state of nuclear matter under the extreme conditions of temperature 
and density [8, 9]. In view of these facts, in the present article we have investigated 
the field configurations of color electric field at different hadronic scale to uncover 
the dynamics of phase transition in the QCD vacuum. 
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In a (4+n)-dimensional metric manifold, magnetic symmetry [10, 11] based field 
decomposition formulation provides a gauge invariant investigation and topological 
features to the QCD confinement for which the Lagrangian in quenched approxima- 
tion may be expressed as [1-4], 


2 * 
co =p 4 (0, + i B92 = eg + (rerun? — Vl. 
g ! g ? 


m 4 
(147.1) 


The one loop effective potential introduced here for inducing the dynamical breaking 
of magnetic symmetry which leads to the monopole condensation resulting in the 
QCD confinement. The field equation for the topological part (B,,,,) from the above 
Lagrangian may be derived in the following form, 


BY, + Ang” (G0,6* — $*0,0) — 320797 BO bg* = 0. (147.2) 


In view of the Nielsen and Olesen [5] interpretation of vortex like solutions, let us 
consider the single flux tube solution using the cylindrical symmetry and the flux tube 
orientation along the z-axis for which, the dual gauge field and the monopole field are 
By = g 'cosa(d,,3)m, and o(x) = exp(iny)x(p), (n = 0, +1, ...) respectively. 
With the uniqueness of the function @(x) and the Nelson-Olesen ansatz [5] for the 
dual gauge field and monopole field in static limit B(p) = —B(p)and B,=B,= 
B, = 0 leads to the color electric field in the cylindrically symmetric configuration 
and is given by [1], 


1d 
En(p) = ————(pB(p)). (147.3) 
pdp 


The associated field equations governing the flux tube structure may then be 
expressed in the following form, 


did 8m n An 2 
—[-=—(pB(p)] —- —(— + —B(p))x*(p) = 0 (147.4) 
dp pdp gp 9g 
ld id 4 2472 2 
2 ~ 1 + Zap)? + = ain yp = 0. (147.5) 
pdp~ dp pg g #9 


The asymptotic behaviour of the monopole field ¢ > ¢p as p > o¢ leading to the 
appropriate asymptotic solution for the dual gauge potential that ensures the forma- 
tion of color flux tubes, is given by, 


B(p) = —ng(4rp)~![1 + F(p)] and F(p)’—3°Cptexp(—mpp), (147.6) 


where C is a constant and mg(= 42g~!./2¢0) is the glueball mass. The color flux 
tubes formation and the confinement of color charges can be visualized more effec- 
tively on the energetic grounds by investigating the energy per unit length of the flux 
tube (string tension)[1, 2] and introducing a new variable R as p = Rsin@ that leads to 
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the critical radius and critical density [2] of phase transition as, R. = 2a ds) a Mp t 


1 . : age : 
d. = (Srna; —2m?, respectively. Using the prescription for the color electric 


field and potential, the total electric flux penetrating the area (S) surrounded by 
a closed loop around the sphere of radius R is then ¢ = f gE dS = f Bdl= 


—2n [y° pEm(p)dp = —2n R? fe Em (0)sin20d0. This alongwith the energy min- 
imization condition, then leads to the critical color electric field at the boundary of 
phase transition (R = R,), in the following form, 


c. ng ng 64 35 OE Ls 
E,= an R? (Fe NOs Mz, (147.7) 


which leads to its numerical value as E¢(fm-~*) = 4.97, 2.76, 0.02 for a, = 0.22, 
0.47, 0.96 respectively. The general form of color electric field evaluated by using 
(147.3) alongwith its asymptotic solution (147.6) in present spherically symmetric 


case is then reduced to the following form, 


#0) =| "i < di, Rein en peg Rui, (147.8) 
167 (RsinO)2 


The profiles of such color electric field as a function of the polar angle @ and 
for different radius (R) at optimal value of a, have been presented by 2-d graphics 
(Fig. 147.1) which shows that, for a large sphere enclosing the flux tubes, the color 
electric flux gets localized or spreaded towards the poles (9 = O or 7) while its 
gets uniformly distributed for the small sphere and acquires a constant value at the 
critical radius R,. With the increasing the radius in infrared sector demonstrated the 


En@) 
2.07 


0.55 


7 
2 


Fig. 147.1 Profiles of color electric field for R = 0.1 fm (Blue), 0.163 fm (Red), 0.5 fm (Black) and 
1.0 fm (Green) 
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Fig. 147.2 3-D profiles of Color Electric field for as = 0.22 


reduction and drifting of maxima of color electric fluxes towards the higher sphere 
radii and consequently a reduction in flux tube density in the far-infrared sector of 
QCD. In the near-infrared sector, however, the increase in flux tube density may 
lead to the annihilation of the neighbouring flux tubes and a large homogeneous 
QGP formation in the central region is expected [12]. In an identical way, a more 
general 3-d representation (Fig. 147.2) of (147.8) for near infrared sector of QCD, also 
confirms similar critical behavior of color electric field near critical radius of phase 
transition and the possibility of QGP formation due to increased flux tube density in 
central region. The equally important thermal evolution of such configurations for 
QCD phase structure will be dealt in our forthcoming communication. 
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Chapter 148 M®) 
Long Range Correlations in P—Pb rie 
Collisions at ./snn = 5.02 TeV with 

ALICE 


Greeshma Koyithatta Meethaleveedu 


148.1 Introduction 


Two-particle angular correlations measurement is an excellent tool to probe the dif- 
ferent mechanisms that occur in heavy-ion collisions. Angular correlations are con- 
structed by measuring the relative angular differences in azimuth (Ay) and pseudo- 
rapidity (A7) between the trigger and associated particles. The correlation function 
in small systems like pp typically consists of a ‘near side’ jet peak at (Ay ~ 0, An 
= 0) and a recoil ‘away side’ peak at (Ay © 7) extended in A77. In addition to these 
features, ridge-like structures extended in A7 were observed in nucleus-nucleus col- 
lisions at both near and away sides which were understood to be a characteristic of 
hydrodynamic flow in the Quark Gluon Plasma (QGP). 

The subsequent discovery of a near side ridge in high multiplicity collisions in pp 
[1] and p—Pb [2] by CMS came as a surprise to the high-energy community. ALICE 
[3] followed by ATLAS [4] revealed symmetric near and away side ridges in p—Pb 
collisions when the correlations obtained in low-multiplicity events was subtracted 
from that in high multiplicity events. The ridge was further quantified using Fourier 
coefficients (v2 and v3). Studies using identified particles exhibited a mass ordering 
of vz as observed in Pb—Pb collisions [5, 6]. The origin of the ridge is nevertheless 
a question of debate and there are several theories explaining them in pp and p—Pb 
collisions, such as hydrodynamics and Color Glass Condensate [7—9] to mention a 
few. To further explore these structures in larger An, correlations between forward 
trigger muons (4 <n < —2.5) and mid-rapidity associated hadrons (—1 < n < —1) 
was measured [10]. This is discussed in this proceeding. 
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148.2 Analysis 


The analysis was performed using the proton-lead collisions at a centre of mass energy 
of ./snn = 5.02 TeV recorded by the ALICE detector. Muon-track correlations were 
studied only in p-Pb collisions while muon-tracklet correlations were studied in p- 
Pb and Pb-p collisions.! Here, tracks refer to particles fully reconstructed in Time 
Projection Chamber (TPC) and Inner Tracking System (ITS) while tracklets refer to 
short track segments reconstructed in the innermost layers of ITS. 

The correlations were measured for two event classes: high-multiplicity (0O-20% 
central events) and low-multiplicity (60—100% peripheral events). The low multi- 
plicity correlations were subtracted from the high-multiplicity to remove the con- 
tribution from jets. The remaining correlation function was projected onto Ay and 
fit with a Fourier cosine series, ag + 2a;cos Ay + 2arcos2Ay + 2a3cos3 Apt... . 
From the pair azimuthal anisotropy V/‘;""{2PC,sub} = aS" /(ah-" + b), where ab" 
is the az extracted from js — h correlations and b is the combinatorial baseline of 
the low-multiplicity correlation, the v2 of the trigger muon was obtained (assuming 
the factorisation of v» of the trigger and associated particles) using v5 {2PC, sub} = 


Vi" {2PC, sub}/vit = VET"{2PC, sub}/,/ Viy"{2PC, sub}. Figure 148.1 shows 
a set of muon-tracklet correlation functions in high- and low- multiplicity events 
along with the subtracted correlation function. 


148.3 Results and Conclusions 


Figure 148.2a shows the variation of v5 {2PC,sub} as a function of pr in both p-going 
and Pb-going directions. Consistently, a higher value of v2 was observed in the Pb- 


(a) (b) (c) 
ALICE 0.5 < pi (GeV/c) <1 ALICE 0.5 <pt (GeVic) <1 ALICE 0.8 < pi (GeVic) <1 
p-Pb 8, = 5.02 TeV Assoc. tracklets p-Pb ys, = 5.02 TeV Assoc. tracklets p-Pb Sy = 5.02 TeV Assoc. tracks 


‘0S: 0-20% VOS: 60-100% VOS: (0-20%)-(60-100% 


Fig. 148.1 Muon-tracklet correlations in p—Pb collisions at 5.02 TeV: a high-multiplicity events, 
b low-multiplicity events and ¢ double ridge after subtraction 


'In p-Pb collisions, proton beam moves towards the muon arm side, while in Pb-p collisions, lead 
beam moves towards the muon arm side. 
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Fig. 148.2 a vs {2PC,sub} in p-going and Pb-going directions and b ratio of ub { 2PC,sub} in 
Pb-going to p-going, as a function of pr and comparison to AMPT 


going as compared to p-going. Figure 148.2b shows the ratio of Pb-going to p-going 
as a function of py. Taking into account the large uncertainties, no dependence on pr 
was observed. A constant fit to the ratio showed that the v2 of the Pb-going is 16 + 6% 
higher than the v2 of p-going data. The figures also show the comparison of data with 
AMPT [11] simulation performed taking into account the efficiency of the absorber 
in the Forward Muon Spectrometer of ALICE. Qualitatively, AMPT reproduced the 
trend in data at lower pr, though the quantitative difference is significant. While 
at high pr (> 2 GeV/c), where the source of muon production is predominantly 
heavy-flavor decay, AMPT did not reproduce the data. This might be because the 
heavy flavor muons have a non-zero v2 while the model assumed a zero v2. Moreover, 
there is the possibility of the muon parent particle composition or v2 values in AMPT 
being different from that in data. 

As the effects of the absorber are included in the data, a direct comparison with 
existing models [12] is not possible currently. Further measurements coupled with 
model comparisons and theoretical studies are required to understand the origin of 
long range correlations in small systems. 
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Chapter 149 ®) 
Noise Rejection from the Hadron ly 
Showers in the INO-ICAL Detector 


Jafar Sadiq and Prafulla Kumar Behera 


149.1 Introduction 


The India-based Neutrino Observatory (INO) will construct a large magnetised iron 
calorimeter (ICAL) detector to determine |Am?,| and to accurately measure 623 by 
detecting the atmospheric neutrinos [1]. The ICAL will have 151 layers of 5.6cm 
thick iron plates interleaved by a 4cm air gap, where the Resistive Plate Chambers 
(RPCs) will be inserted. Three identical modules, each of size 16m x 16m x 14.5 
m, will be constructed [1]. The charged current (CC) v,,(v,,) interactions in the iron 
target produce a muon (~) and a set of hadrons. The hadron interactions in the 
materials generate a shower of secondary particles which leaves a shower of hits 
in the RPCs. Inclusion of hadron energy significantly enhances the precision in the 
physics results of INO-ICAL detector [2, 3]. Therefore, reconstruction of energy of 
hadrons is crucial, and it is achieved by calibrating it with respect to the number of 
hits in the hadron shower [4]. The noise hits in the ICAL RPCs contribute to the 
number of hits, and hence it leads to an over-estimation of hadron energy. Therefore, 
it is important to identify the hadron showers and get the number of real hadron hits. 
A clustering algorithm was developed to extract the hadron showers from the noise 
background. 


149.2 Hadron Clustering 


The clustering algorithm separates the hits in the RPCs into different clusters depend- 
ing on their positions. Figure 149.1 shows the schematic of clustering. A collection 
of hits which are close to each other was considered as a cluster. After removing the 
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Fig. 149.1 Schematic of 
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muon track hits, the distance between each pair of the remaining hits was checked. 
More distance was considered in Z-direction, since the spacing between two con- 
secutive layers is higher than the spacing between two consecutive strips. Starting a 
cluster with an arbitrary hit and considering it as the center of an ellipsoid, all the 
hits inside the ellipsoid were added to the cluster. Each of these hits also was taken 
as the center of a new ellipsoid to add the remaining hits. The clusters were sorted 
in the decreasing order of the number of hits. The clusters in an atmospheric CC 
vy, event is shown in Fig. 149.2. The clusters with an increased number of hits were 
considered as hadron showers. 

The clusters with only noise hits become largest cluster in the events with very less 
number of hadron hits. Such events were rejected by applying a selection criteria of 
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Fig. 149.3. a Hit distribution with and without the selection criteria. b Hit distributions for a 
set of ellipsoid parameters. sw and /w represent the strip width (3cm) and layer width (9.6cm) 
respectively. n and An represent the mean and RMS of the hit distributions respectively 


“minimum two layers in the cluster” as shown in Fig. 149.3a. A cluster with highest 
number of hits was considered as the hadron shower in single pion Monte-Carlo 
(MC) events. This shower might miss a few number of hits, if size of the ellipsoid 
is small. Therefore, the ellipsoid parameters have to be optimized in such a way that 
most of the hadron hits were included in the largest cluster, and fraction of the noise 
hits in the largest cluster was reduced. The hit distribution produced by single charged 
pion of energy 5 GeV for a set of ellipsoid parameters is shown in Fig. 149.3b. The 
ellipsoid parameter values a = b = 6 x 3cm,andc = 3.1 x 9.6cm were considered 
for further study on the calibration of hadron energy. 


149.3. Hadron Energy Calibration 


Atmospheric neutrino (v,,) and anti-neutrino (v,,) events in ICAL, generated using 
the neutrino event generator NUANCE, were used to study the energy response 
of hadrons produced by atmospheric neutrinos. These NUANCE data was passed 
through the GEANT4, and the hit information was stored. 100 random correlated 
noise hits were also generated in the digitization step of ICAL simulation. The hits in 
two clusters with higher number of hits was used for the calibration of hadron energy, 
since there are multiple hadrons in the final products of NUANCE events. The mean 
number of hits n(£) increases with energy and gets saturated at higher energies. 
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Fig. 149.4 The mean 
number of hits as a function 
of hadron energy 


Fig. 149.5 Energy 
resolution as a function of 
hadron energy 
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The mean number of hits and energy resolution (9/E = An/n) were fitted with 
functions (149.1) and (149.2), and are shown in Figs. 149.4 and 149.5 respectively. 


149.4 Conclusions 


i(E) = no[1 — exp(—E/Ep)] (149.1) 


o/E=VJVa@/E+b (149.2) 


Reconstruction of hadron energy is crucial to enhancing the accuracy in the physics 
results of INO-ICAL detector, and it is obtained by calibrating it with respect to 
the number of hits in the RPCs. Contribution of noise hits to the hadron shower is 


149 Noise Rejection from the Hadron Showers in the INO-ICAL Detector 637 


reduced by a clustering algorithm. The energy of hadrons, produced in atmospheric 
neutrino events, was calibrated with the mean number of hits in the hadron showers 
obtained using the algorithm. The energy resolution (0 /E) obtained from the hit 
distributions was found to be in the range 80—48% for the hadrons of energies in the 
range 2—20GeV. The parameters in the algorithm will be optimized to improve the 
energy resolution, and will be used to reconstruct the energy of hadrons. 
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Chapter 150 ®) 
Review of (Anti-)Nuclei Production ey 
from High Energy Experiments 


Natasha Sharma 


150.1 Introduction 


The Universe started with a big-bang with nearly equal abundance of matter and 
anti-matter. However, this symmetry got lost in the evolution of the universe with no 
visible amounts of anti-matter being present. The production of light (anti-)nuclei 
including (anti-)hypernuclei in high energy heavy-ion collisions may be related to the 
matter-antimatter symmetry. The production of light (anti-)nuclei has been studied 
in the vast energy range in heavy-ion collisions experiments at Bevalac, AGS, SPS, 
RHIC, and LHC. The two proposed production mechanisms for the (anti-)nuclei 
are the coalescence model [1] and the statistical thermal model [2]. The simple 
coalescence model assumes that (anti-)nuclei are formed if the constituents baryons 
are close in the coordinate and the momentum phase space. The thermal model 
predicts the dependence of the particle yields of mass m on the baryon chemical 
potential (jg) and chemical freeze-out temperature (T¢nem) by the relation dN/dy « 


exp((LbB —_ m)/Tenem)- 


150.2 Results and Discussions 


In coalescence mechanism, the spectral distribution of the deuterons is related to 
: ; ‘ BN, BN, \2 : 

that of primordial protons via Eg aps = By (Zp a) , assuming that protons and 

neutrons have the same momentum distribution. Bz is the coalescence parameter for 

deuteron with momentum of pg = 2 pp. Figure 150.1 (left) shows the energy depen- 

dence of the coalescence parameter B,. It decreases from Bevalac to SPS energies, 


then remains almost constant up to RHIC energy [3]. From RHIC top energy to 
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Fig. 150.1 Left: By measured from various experiments as a function of ,/snn; Right: d/p ratio 
from data and thermal model prediction as a function of ./sNN 


LHC energy B, shows slight decrease [4]. In the coalescence picture, this behavior 
is explained by an increase in the source volume i.e. the larger the distance between 
protons and neutrons which are created in the collision, the less likely is that they 
coalesce. At RHIC energies, it is observed that elliptic flow (v2) of light (anti-)nuclei 
when scaled with mass number follows v2 of (anti-)protons suggesting that light 
(anti-)nuclei are produced via coalescence mechanism [5]. However, the prelimi- 
nary results from ALICE suggest that simple coalescence model fail to describe 
(anti-)deuteron v2 at LHC energy [6]. 

The right plot of Fig. 150.1 shows the energy dependence of experimentally mea- 
sured deuteron to proton ratio in heavy-ion collisions [4, 7]. The comparison is 
made with the thermal model predictions which seems to explain the data well. It is 
observed that for a given collision energy, Teem and jug remain same for heavy-ion 
and small collisions system. At LHC, the d/p ratio for p—Pb and pp collisions is 
smaller than in Pb—Pb system [8]. This observation could not be explained by the 
thermal model. 

For a given system and energy, the thermal model suggests that the nuclei yields 
follow an exponential decrease with the mass which is consistent with the experi- 
mental results. One has to pay a “penalty factor” to produce the heavier nuclei or 
each added nucleon [8]. Figure 150.2 (left) shows the penalty factor as a function of 
energy for heavy-ion collisions [7]. The markers show the experimental results (solid 
symbols for nuclei and open symbols for anti-nuclei) while the curves represent the 
thermal model predictions. The thermal model predictions are consistent with the 
heavy-ion experimental results within the uncertainties. However, this is not true for 
the smaller systems. For example, it is observed that penalty factor is about 600 for 
p—Pb collisions at LHC [8] which is well above the thermal model expectation at this 
energy. This deviation from thermal model expectation in smaller collision systems 
needs theoretical explanation. 

The right plot of Fig. 150.2 shows the experimental measurements of hyper-triton 
3H) lifetime from various experiments [9]. The figure also shows the lifetime of the 


150 Review of (Anti-)Nuclei Production from High Energy Experiments 641 


ra 
3 z pieioion = see 
8 i 400 T GEESTAR free A 
3 300 3 Prot STAR Preliminary 
| = oars) 
= = 
G & sae wene 
c 2eR9TH 
TAR 
© 2005 | Samm 4 — 
200 328. sacz0 
250 

A E864 (AGS) pf uit 

@ NA49 (SPS) } t orTie 1808. 00483 

oe Alice (LHC) 200 aos) 

100 |- s . Andronic et al. 
Becattini et al. 150 oe , 
Cleymans et al. b aes oma 
rac . Vovchenko et al. 100 e 22 eens: 
siisiil po iil ‘ riiiil — auy9Ta) 
10 10° 10° 50 * STAR 2015 Result 


net M.Rayet, RHLDalitz, 1966 = 


VSyn (GeV) o- 


Fig. 150.2. Left: Penalty factor as a function of energy for heavy-ion collisions. Right: Lifetime 
measurements of hypertriton from different experiments 


free A from the PDG and measurement from STAR. The recent experimental results 
from STAR [9] and ALICE [10] suggest that the SH lifetime is less than that of 
free A. It will be interested to understand the theoretical explanation of the observed 
difference in lifetime of 3H and free A. 

Recently, the ALICE experiment has measured the mass and binding energies 
of nuclei and anti-nuclei and found it to be compatible within uncertainties. This 
confirm the CPT invariance of light nuclei [11]. The Quantum Chromodynamics 
(QCD) predicts the existence of exotic bound states of baryons [12]. The thermal 
and coalescence models explain well the experimentally measured yields of light 
nuclei and hypertriton [4]. These models may predict the yields of exotic bound 
states and hence may provide baseline to test the existence of these states. Various 
experiments attempt to search for these weakly decaying bound state of baryons. 
Recently, ALICE has tried to search for the AA and An bound states [12]. No 
evidence for these bound states is observed. Theoretical explanation is needed to 
understand the non-observation of these states. 


150.3. Summary 


Light (anti-)nuclei measurements have been performed by various experiments. The 
thermal model seems to describe (anti-)(hyper-) nuclei production well in heavy- 
ion collisions. However, deviation from thermal model is seen for small collision 
systems, the simple coalescence model could explain (anti-)nuclei production in 
small systems. More work is needed on theoretical part to understand the production 
mechanism of nuclei and anti-nuclei in high energy collisions. 
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Chapter 151 
Search for the Pair-Production of First ectics 


Generation Leptoquarks in pp Collisions 
at ./s = 13 TeV 


M. A. Bhat, B. Mahakud, S. I. Cooper, G. B. Mohanty, T. Aziz 
and P. Rumerio 


151.1 Introduction 


A general effective model for LQs was proposed in 1987 by Buchmuller, Ruckl 
and Wyler [1]. The four underlying assumptions of the model are: (1) LQs have 
renormalizable interactions, (2) their interactions are invariant under the SM gauge 
groups: SU(3)c x SU(2);, x U(1)y, (3) they couple only to SM fermions and 
gauge bosons and, (4) they conserve lepton and baryon number separately in order 
to protect against a rapid proton decay. An LQ will decay into a lepton and a quark, 
giving rise to a final state containing high-momentum leptons and jets. The decay 
into a charged lepton and quark has branching fraction 3, consequently the decay 
into a neutrino and a quark has branching fraction 1 — (, where (7 is a free parameter. 
Previous searches for rare processes mediated by lepton number violation and flavor- 
changing neutral currents prefer leptoquarks at LHC-accessible mass ranges, which 
couple to leptons and quarks of same generation (no mixing) [2, 3]. Thus in this search 
for first generation LQs, we assume their decay to electrons or electron neutrinos 
along with jets. The process can give rise to the following three final states: 


e Two electrons and two jets: each LQs decays into an electron and a quark, 

e One electron, missing transverse energy, and two jets: one LQ decays into an 
electron and a quark, while the other into a neutrino and a quark, and 

e No electrons, missing transverse energy, and two jets: each LQ decays into a 
neutrino and a quark. 


The corresponding branching fractions are 37,2 x 3(1 — 3), and (1 — (3), respec- 
tively. We consider two values of 3: 1, which corresponds to LQs always decaying to 
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the first final state; and 0.5, where 50% of LQs decay to the second final state, with 
25% decaying to the first final states. The first and second final states are denoted as 
eejj and ev jj. In this analysis, we search for LQ decays in the eejj final state that 
has the largest sensitivity due to the presence of two isolated high pr leptons. So far, 
earlier searches have not detected any LQs. CMS has published the result of a search 
using about 20 fb~! of the 2012 LHC data at ./s = 8 TeV, which gave first generation 
LQ mass limits of less than 1010 (850) GeV for @ = 1(0.5) [1]. Similarly, ATLAS 
used the 2012 LHC data [4] to set first generation LQ mass limits of less than 1050 
(900) GeV for 3 = 1(0.5); it also looked at the possibility of 6 = 0.2, which gave a 
mass limit of 900 GeV. All of these limits are set at the 95% confidence level. 


151.2 Event Selection for the eejj Analysis 


The eejj final state is the result of two pair-produced LQs each decaying to an 
electron and a jet, where the branching fraction ( as defined in Sect. 1 is equal to 1. 
Events containing at least two electrons and two jets are thus selected, where the two 
leading py electrons and jets are used in the analysis. 


151.2.1_ Preselection 


At the preselection level, we go for a loose set of criteria in order to compare Monte 
Carlo (MC) simulated background predictions with data. The event selection criteria 
are as follow: 


e Event should pass the online trigger of at least one loose electron with pr > 
27 GeV. 
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Fig. 151.1 pr (left) of the highest-p7 electron and Sv (right) after applying the eejj preselection 
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It should contain exactly two highly energetic well-identified electrons having the 
associated ECAL supercluster Ey > 50GeV and pseudorapidity |7sc| < 2.5. 

It should not contain any muons, where muons are selected with pr > 45GeV 
and |n| < 2.1. 


e It should have at least two jets with pr > 50GeV and |7| < 2.4. 
e The dielectron invariant mass m,. > 50GeV. 
e The scalar sum of the pz of the two electrons and two leading jets Sr > 300 GeV. 


After applying these criteria, the agreement of expected background with the data is 
examined in a series of plots (see Fig. 151.1). 


151.3. Backgrounds 


The major backgrounds from SM processes are Z+jets and tt, while single top, 
W-+Jets, diboson, and y+jets contribute at a lower level. There is also an instrumental 
background from QCD multijet events with jets faking electrons. Below we describe 
how various background contributions are determined in this analysis. 


The Z-+ jets and tt background shapes are taken from MC samples that are normal- 
ized to data using the eejj preselection. 


e Single top, W+ets, diboson, and y-+jets are derived completely from MC. 
e QCD “fake” jet background is determined using a data-driven method. 
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Fig. 151.2 Distributions of mM ” (left) and S7 (right) for the final selection optimized for a lepto- 
quark of mass 200GeV , 
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151.4 Results 


As shown in Fig. 151.2, we do not find any evidence for an LQ signal in the data. 
Therefore, we proceed to set upper limits on the scalar LQ production cross section 
using a full frequentist CLs method [9], using the event yields. The systematic uncer- 
tainties are modeled as nuisance parameters with a log normal distribution, while 
the statistical uncertainties are parameterized as log-normal functions, or in the case 
of small yields, gamma functions with widths determined from the number of MC 
or data control region events. The upper limits at 95% confidence level on o x (37 
along with the predicted scalar LQ pair-production cross section at NLO are shown 
in Fig. 151.3 The intersection of the central value of the theoretical prediction with 
the upper limit on the cross section yields a limit on the LQ mass. The limit for the 
6 = 1 case is 1130GevV [5]. 
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CHEN ANAWNS 


Chapter 152 @) 
Signatures of T and CPT Violation sheets 
in Presence of Sterile Neutrino 


Jyotsna Singh and R. B. Singh 


152.1 Introduction 


Three active neutrino framework is well established still few set of anomalous data 
observed by LSND [1], MiniBooNE [2, 3], Gallium source experiments [4, 5] and 
reactor experiments [6], indicated towards neutrino oscillations with substantially 
different frequency. A possible explanation to these anomalous or high frequency 
oscillations can be addressed by adding more neutrinos to the three active neutrino 
framework. While the Z° decay width measured by LEP is consistent with, only 
three low mass active neutrinos [7]. The available parameter space can be restricted 
to the minimal 3+1 neutrino model (3 active + 1 sterile) by several null results 
[8]. The present and future neutrino experiments aim towards placing an stringent 
upper limit on such violations [9-11]. In this paper the effects of sterile neutrinos on 
capturing the signatures of T and CPT violation in 3+ 1 neutrino scheme is checked 
with neutrino factory muon beam of energy, 50 GeV. 


152.2 Parametrization Scheme and Signatures of T 
and CPT Violation in 3+1 Neutrino Framework 


The selection for parametrization of unitary matrix is 


U = U34(434, 0)U24 (O24, 0)U 14 (O14, 0)U23 (623, 63)U13(A13, 62)U 12 (O12, 51) 
(152.1) 
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Fig. 152.1 The plot a and b show APr,, Vs E, while plot ¢ and d show A Pr,, Vs E, at baselines 


4900 Km and 7500 Km. The left and right plots displays the effect of varying 634 and 024 for normal 
mass hierarchy and inverted mass hierarchy 


If CPT is conserved then APcp = APr. 

Values of different neutrino oscillation parameters considered in this work are 

Am}, = 8x10 eV", Am3, = 2.5x107eV", 012 = 34.4°, 023 = 45°, 013 = 8.5° 
The oscillation probability equation in constant matter density are developed 


by the formalism of Kimura, Takamura and Yokomakura for golden and discovery 
channel [11, 12] 


Ae 
(APT) ne = 4¢13C74C24813823814524 sin (62 63) sin Am3,L/2E 
(A. — Asi) ° 
A2 
+ af sin2A,| 
Ac(Ae a A31) 
(152.2) 


. A... 
(APP) ur = 4137 4C24813823814824 sin Only sin Am3,L/2E 


_ (152.3) 
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Fig. 152.2, APcpr Vs E, at baseline 7500 Km. In left plot the effect of varying 634 in the 
allowed range is shown while all CP values are kept equal to zero. This variation is compared 
with A Pc pr with energy in three neutrino framework. In right plot the effect of sterile phase 63 on 
[A P4x4(5a;;=0) — A P45.4(Say)=3x 10-23, a3) =4.5x 10-23) | with energy is shown 


The CPT violating hamiltonian in the flavor basis can be written as 
1 : n 
Hy — ap ee Anis Am},, Ami,)U, + U,.D,(0, 0a21, 6a31, 6a4,)U;, 


+ Dm (Ae, 0, 0, An) (152.4) 


The unitary matrix U; is checked for different angular values [10]. In our work we 
have considered Up=U;). 


Puy = 1 — 283, cos” (A3i + a31L/2) — (1 — 8525) sin? (A3, + da31L/2) 

$73(A31 + 6431 L/2) 
(Agi + 6a31L/2 — Ae)? 
x [2(A31 + 6431 L/2) sin Ae cos (A31 + 6a31L/2) sin (A31 + a3, L/2 — Ae)— 
(A31 + 6a31L/2 — Ae) Ae sin2(A3 + 6a3,L/2)] 


+ (cf, A12 — 2524534 cos 63An) sin 2(A31 + 6a31L/2) + 


(152.5) 
Latest constraints on sterile mixing angles [13] given below, are considered in this 
work. 


O44 € [7.5° — 11.5°]; O24 € [5.2° — 8.6°]; 634 € [0° — 44.4°] (152.6) 


The signatures of T and CPT violation with neutrino factory muon beam and baseline 
are illustrated at probability level in this work. 
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152.3. Summary and Conclusion 


The presence of sterile sector will affect the precision measurement made by the three 
active neutrino sector hence untill the possibility of an short wavelength oscillation 
is ruled out, minimal 3+1 scheme demands extensive investigation. The present 
available neutrino oscillation data is not able to impose tight constraints on sterile 
parameters, hence long baseline future experiment muon beam is selected for this 
work. T violation signatures are looked with two different appearance channels 
Vy, —> ve andy, — v,. Looking at Fig. 152.1 we can comment that discovery channel 
seems to be a better choice for constarining leptoinc T violation. The presence of 
sterile neutrino with large mixing angles will hide the CPT violation in the three 
neutino sector, as can be seen in Fig. 152.2. Hence untill the presence of sterile 
neutrino is ruled out, our work demands neutrino oscillation experiments, which can 
impose better constraints on sterile neutrino oscillation parameters. 


References 
1. A. Aguilar-Arevalo et al., Phys. Rev. D 64, 112007 (2001) 
2. A. Aguilar-Arevalo et al., Phys. Rev. Lett. 102, 101802 (2009) 
3. A. Aguilar-Arevalo et al., Phys. Rev. Lett. 110, 161801 (2013), arxiv:1207.4409 
4. J. Abdurashitov et al., (SAGE Collaboration), Phys. Rev. C 80, 015807 (2009) 
5. EF. Kaether et al., Phys. Lett. B 685, 47 (2010) 
6. Y. Declais et al., Nucl. Phys. B 434, 503 (1995) 
7. L3 Collaboration, SLD Electroweak and Heavy Flavour Groups. Phys. Rep. 427, 257 (2006) 
8. K. Abe et al., (super-Kamiokande), Phys. Rev. D 65, 112001 (2002) 
9. R. Gandhi et al., arXiv:1508.06275v2 [hep-ph] 

10. A. Chatterjee et al., arXiv:1402.6265v1 [hep-ph] 

11. Y. Pant et al., arXiv:1509:04096 [hep-ph] 

12. K. Kimura et al., arXiv:hep-ph/0205295 

13. C.H. Collins, C.A. Arguelles, J.M. Condrad, M.H. Shaevitz, arXiv:[hep-ph] 


Chapter 153 M®) 
Comparison of Silicon, Germanium and le 
Diamond Sensors as Trackers in Collider 
Experiments 


Shyam Kumar and Raghava Varma 


153.1 Signal and Noise Levels 


When an Ionizing radiation passes through a material, it creates e-h pairs which, 
when suitably collected create an electrical signal. We have simulated the number of 
e-h pairs created by the MIP particle in 300 t1m thick Si, Ge and Diamond sensors 
in PANDARoot framework using GEANT 3 [1] (Fig. 153.1). The intrinsic noise can 
be calculated by using the formula o = g(n.Ue, + Nyy). We have estimated the 
intrinsic noise in all three materials. The intrinsic Diamond has larger signal to noise 
ratio than Si and Ge, because of the large band gap and hence simple ohmic contact 
makes it suitable for detection of radiation, while for Si and Ge we need p-n junction 
to reduce the intrinsic carrier concentration (Table 153.1). 


153.2 Radiation Damage 


There are two types of radiation damage, namely, surface damage and bulk damage. 
Surface damage is due to the ionizing energy loss. Ionizing energy loss is responsible 
for the degradation of oxide layer. In Si and Ge based detector, we have oxide 
layer, while in Diamond we have just ohmic contact, so this type of damage will 
not be present in Diamond. Bulk damage is due to non-ionizing energy loss. The 
threshold atomic displacement energy for Si, Ge and Diamond are 25, 20 and 43.6eV 
respectively. Bulk damage will also be smaller in Diamond than Si and Ge [2]. 
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Fig. 153.1 Charge created by MIP in 300 wm thick Si, Ge and Diamond sensors [3]. The X-axis 
represents the charge collected and Y-axis represents the entries 


Table 153.1 Signal and noise levels for 5.0 x 5.0 x 0.3 mm? Si, Ge and diamond sensors 


Material MPV p (Qm) be( Ge bn Ge Noise(e) 
signal(e) 

Silicon 22680 640 1450 505 3.8 x 108 

Germanium | 57070 0.46 3900 1800 1.5 x 10!! 

Diamond 9645 10!2 1800 1600 0.14 


153.3. Conclusion 


Diamond has low intrinsic noise, low multiple scattering (Xo = 9.37 cm for Si, 
Xo = 2.3 cm for Ge and Xo = 12.14 cm for Diamond), low radiation damage and 
fast timing (*3 ns) makes it excellent material for tracking in HEP experiments. In 
addition the possibility of creating delta electrons (The e-h pair creation energy is 
13.6eV larger in Diamond, 3.6eV in Si and 2.96eV in Ge), is lower in Diamond 
than in Si and Ge because of the high e-h pair creation energy, which disturbs the 
charge center of gravity. The only issue with the Diamond which limits its use in HEP 
experiments is small size and large cost for high quality Diamond (Charge Collection 
Efficiency = 100%). We are also working on the growth of Diamond by Microwave 
Plasma Chemical Vapor Deposition (MPCVD) process in the laboratory to produce 
device grade Diamond [4]. 
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Chapter 154 ®) 
Timing Studies of a Large Size Oil-Free creek 
Bakelite Resistive Plate Chamber 


Rajesh Ganai, Mehulkumar Shiroya, Zubayer Ahammed and Subhasis 
Chattopadhyay 


154.1 Introduction 


RPC [1] was first introduced in the year 1980 by R.Santonico and R. Cardarelli. 
It is a gaseous detector made up of two high resistive parallel electrode plates e.g. 
glass, bakelite. RPCs are known to have good time resolution and efficiency to detect 
charged particles specially muons. INO-ICAL will be using ~30,000 RPCs with a 
time resolution of ~1 ns in order to study the oscillations in the atmospheric neutrino 
sector [2]. As a part of R&D, we have developed a large size (240cm x 120cm) 
single gap (0.2cm) oil free RPC from bakelite sheets available in local market [3, 
4). 
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Fig. 154.1 Time resolution of the RPC in different locations 


Fig. 154.2 Time resolution 
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The time resolution of the RPC was measured with cosmic rays in a standard cosmic 
ray test bench using three scintillators in 20 different locations. Figure 154.1 shows 
the measured time resolution after correcting for the scintillators at different acces- 
sible locations on the detector. It can be seen that the central regions of the detector 
has a resolution of <1 ns. The inaccessible regions are due to supports given to the 
platform where RPC has been kept as discussed in [3]. A distribution of the measured 
time resolution values have been shown in Fig. 154.2 with a mean of 1.19 ns. 
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154.3. Conclusion and Outlook 


The time resolution of the RPC was measured at 20 different locations with an 
average of 1.19 ns which is close to the requirement of the ICAL experiment. The 
time resolution around the edges of the RPC deviates from the central region. The 
reasons for such a deviation need to be studied. 
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Chapter 155 ®) 
D and B Mesons in Hot and Dense cro 
Symmetric Nuclear Medium 


Rahul Chhabra and Arvind Kumar 


155.1 Introduction 


Study of in-medium D(B) mesons is important to clearly understand about J/w(7) 
suppression and formation of mesic nuclei in the HIC experiments. If the masses of 
D(B) mesons decrease in the medium then, higher (bottomonium) states produced 
in the HIC experiments may decay to these mesons, instead of J/W(7Y) state. The 
results of the present work, may be used to understand the various outcomes of 
the HIC experiments like CBM and Panda under the FAIR Facility, at Darmstadt 
Germany. 


155.2 Methodology 


Chiral SU(3) model includes an effective Lagrangian density, which we solve by 
using mean field theory to find the coupled equations of motion for the scalar fields 
o,¢ and scalar dilation field x. We solve these equations to investigate the medium 
modified scalar o , € and scalar dialaton field x. By using explicit symmetry breaking 
term and broken scale invariance property of QCD we express the quark and gluon 
condensate in terms of these medium modified scalar and dialaton fields, respectively 
[1]. In the QCD sum rules, we divide the two correlation function /7,,,(q), into 
vacuum part, nucleon depended part [2]. We neglect the pion bath term as we 
consider the temperature dependence through the Chiral SU(3) model. In QCD sum 
rules, we equate the Borel transformed equation of the scattering matrix on the 
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phenomenological and OPE side [2]. In this equation we use the above mentioned 
medium depended quark and gluon condensates to calculate the in-medium masses 
and decay constants of the D and B mesons. 


155.3. Results and Discussion 


The values of the various parameters are taken from ref. [3]. We observe a decrease 
(decrease) in the masses (decay constants) of D and B mesons in the nuclear medium 
(Fig. 155.1). This drop is more in the high dense medium than in the low dense 
medium, whereas the values of masses of D and B mesons increase as we move 
from zero temperature to finite temperature medium (Fig. 155.1). This drop in the 
mass of above D and B mesons indicate possibility of formation of bound states of 
D and B mesons with nucleons. In addition, this may also cause suppression of J/w 
and Y states in the HIC experiments respectively. 

Using QCD sum rules, the shift in masses and decay constants of pseudoscalar 
D(B) mesons had also been observed to be —72(—473), and —6(—71) MeV, respec- 
tively, whereas, by neglecting leading order term the observed shift was —47(—329), 
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Fig. 155.1 We represent the effect of temperature and density on the shift in masses and decay 
constants of D and B mesons as a function of square of Borel mass parameter, M? 
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Table 155.1 We enlist the numerical data (in unit of MeV) of the shift in masses and decay constants 
of D and B mesons for two values of densities pg = po, PB = 4/0, and for each of these two values 
we represent the data for two values of temperature, T = 0 and 100 MeV 


T=0 T = 100(MeV) 

0 4po PO 4p0 
émp —76 —65 —132 —124 
omg —560 —488 —1056 —1001 
é fp —3.9 —3.3 —5.6 —5.1 
Sfp —83 = —157 —149 


and —4(—48) MeV respectively, at nuclear saturation density, zero temperature sym- 
metric nuclear medium [2]. We can compare these results with our result of mass 
modification of D meson as 72 MeV (Table. 155.1). 


155.4 Conclusions 


Drop of mass and decay constant of D(B) mesons in hot and dense symmetric nuclear 
medium may cause the J/w(Y) suppression in the future HIC experiments like CBM 
and Panda. 
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Chapter 156 Mm) 
Coulomb Modified Glauber Model ey 
Analysis for Interaction of Ferg, 84K 136, 
132Xec4, 197 Aug and 738Ug) Projectiles 


N. Marimuthu, V. Singh and S. S. R. Inbanathan 


156.1 Introduction 


The Relativistic heavy ion collision has been extensively studied both theoretically 
and experimentally during last couple of decades [1-4]. The photographic nuclear 
emulsion technique is used to investigate nucleus-nucleus (AA) and hadron-nucleus 
(hA) interactions at high energy [5]. Glauber Multiple scattering modal (GM) is used 
to calculate the total reaction cross section, which is important parameters for the 
collision processes. This model has been modified in accordance of coulomb field, 
that is colliding nuclei deviated from the straight-line trajectory. This approach is 
called the Coulomb modified Glauber model (CMGM) [2]. In the present work, the 
total reaction cross section has been calculated using the CMGM with and with- 
out medium effect for various projectiles such as *°Fey, 8*Kr36, 3? Kes4, !°7Auzo 
and 738U9) with nuclear emulsion nuclei at KE ~1 GeV/n, and compared with the 
experimental data. 


156.2 CMGM Formalism 


According to the Glauber model [2], the total reaction cross section are given by 
Or (mb) = an f [1 — T (b)]b.db. (156.1) 


where, T(b) = exp [—x(b)] and nucleus-nucleus interaction is given by [4]. 
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 pP(0)pT (O)a}az. - b? 
I 2 2) INN EXP(— 
10(ap + a7 +19) 


Xpr(b) = =) (156.2) 


2 2 
ap + ar +79 


Now consider effects of coulomb field between projectile and target according to the 
Ref. [2], the impact parameter b is replaced by b’ as 


at (/7 + k?b*) ia ZpZre? 
7 k nn |e 


(156.3) 


156.3 Results and Discussion 


Figure 156.1 (left) shows the comparison between the calculated average values of 
total reaction cross section without nuclear medium effect (at®°'Y) using nuclear mat- 
ter density p = O and corresponding experimental values of Ferg, 84*Kry6, 132Xes4, 
197 Auyg and 778Ug9 - Em. o"°°'Y shows slightly higher than experimental value for pro- 
jectiles *°Fey6, **Kr36, '°*Xesq4 withal it shows disagreement for projectiles !9’ Au7o, 
238Ug). The calculated average values of reaction cross section with nuclear medium 
effect and corresponding experimental values are shown in Fig. 156.1 (right). These 
total reaction cross sections calculation using p = 0.15, 0.17 and 0.19 fm~? and 
it shows good agreement with projectiles Rex. 84Kra¢, /32Xes4. It concludes the 
average value of projectile, target nuclear emulsion reaction cross section increases 
with increasing projectile mass number. 
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Fig. 156.1 Total reaction cross section without (left) and with (right) nuclear medium effect in the 
CMGM model for different projectiles at ~1 GeV/n 
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156.4 Conclusion 


The calculated reaction cross section values with nuclear medium effect shows good 
agreement with experimental results compared to without nuclear medium effect, 
which indicates that the nuclear medium effect is essential for calculation of reaction 
cross section in CMGM model. The calculation of reaction cross section depends 
not only on the projectile and target radius but also depend on the mass number of 
the projectile. 
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Chapter 157 ®) 
Discriminating Hybrid Textures creek 
of Neutrino Mass Matrix in the Light 

of Latest Neutrino Data and Baryon 
Asymmetry 


Rupam Kalita 


157.1 Introduction 


Standard Model (SM) of particle physics become the most successful model after 
the discovery of the Higgs boson and can explain all the fundamental interactions 
except gravity. But still Standard Model of particle physics can not explain many 
of the observed phenomena including neutrino masses and mixing [1] and matter- 
antimatter asymmetry [2] of the Universe. So far neutrino physics represents the 
particle physics beyond the Standard Model (BSM). To explain the mass of the neu- 
trino we have to consider some famous BSM mechanism known as seesaw mech- 
anism [3] where some extra heavy fermions are added to the SM particle content. 
Seesaw mechanism can be divided into three categories Type I, Type II and Type III 
respectively and in this work we consider only type I seesaw. In our present work 
we try to study type I seesaw with some texture zero neutrino mass matrices known 
as hybrid texture neutrino mass matrix. Hybrid texture [4] neutrino matrices are 
symmetric matrix where two elements are are equal and one element is zero. There 
are 60 possible structure of hybrid texture matrix is possible but out of these 60 
only 39 are compatible with latest neutrino oscillation data. In this work we consider 
39 of hybrid texture neutrino mass matrix and try to study baryon asymmetry of 
the Universe incorporating different neutrino parameters. Baryon asymmetry can be 
studied very well by a mechanism known as leptogenesis [5] and leptogenesis can 
be generated with the decay of right handed neutrinos. It will be more useful and 
predictive if we can connect right handed neutrino to generate neutrino mass and 
leptogenesis simultaneously using seesaw mechanism. 
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157.2 Numerical Analysis 


In this work we consider type I seesaw to generate neutrino mass and type I seesaw 
mass formula can be written as M, = mpMppm, where mp, Mrr are Dirac and 
right handed neutrino mass matrices respectively. Since the diagonalizing matrix of 
M,, is Upyns (PMNS matrix) so we can write above equation [6] as 


M, = UpmnsM¢"8Upuns (157.1) 


For normal hierarchy, the diagonal mass matrix of the light neutrinos [7] can be 
written as 


M3" = diag(my, m3 + Am},, jm + Am3,) 


whereas for inverted hierarchy it can be written as 


mse = diag ym} + Am3, — Am3,, [m3 + Am, m3). 


Now if we consider neutrino mass matrix as Majorana type there are four independent 
parameters are present in the neutrino mass matrix in (157.1), namely one Dirac CP 
phase, two majorana phases and lightest neutrino mass. In this work we consider 
neutrino mass matrix as hybrid texture mass matrix and we compare this hybrid 
texture matrix with above (157.1) to observed correct baryon asymmetry of the 
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Fig. 157.1 Correct baryon asymmetry results of B4 hybrid texture model 
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universe given by Yg = (6.06 + 0.090) x 10-!° [2]. Now we arrive at the two 
constrains one which sets one the light neutrino matrix element to zero and the other 
which equates two elements of the mass matrix. From these two complex equations 
we can write four real equations and these equations can be solved numerically to 
determine four independent neutrino parameters. Finally using all these independent 
neutrino parameters we can compute baryon asymmetry of the Universe for different 
hybrid texture neutrino mass matrices (Fig. 157.1). 


157.3. Results and Conclusion 


In this work we try to study the baryon asymmetry of the Universe by considering 
hybrid texture neutrino mass matrices. Here we consider type I seesaw mechanism 
to generate the mass of the neutrino and leptogenesis. The expressions for the lep- 
togenesis can be found in [8, 9]. Leptogenesis can be converted to baryogenesis 
using sphaleron process. Here we study only two flavor leptogenesis and leave the 
other flavor for future study. We study the leptogenesis for all 39 hybrid texture 
model [4] considering both normal and inverted hierarchy of neutrino mass. We 
have not observed correct baryon asymmetry for all inverted hierarchy neutrino case 
but observed correct baryon asymmetry only for few models in normal hierarchy 
case. We observed correct baryon asymmetry only for models A2, B4, B5, C5, DS, 
F7 [4] in normal hierarchy case. We have shown one figure how baryon to photon 
ratio varies with lightest neutrino mass, delta, alpha and beta for B4 hybrid texture 
model. The other disfavored hybrid texture models may however, be saved by suit- 
able model building works incorporating different sources of baryon asymmetry. We 
can constrain these hybrid texture models with observed correct baryon asymme- 
try of the Universe. In our present work we not only constrain hybrid texture mass 
model but also constrain experimentally undetermined neutrino parameters. Experi- 
mentally Still we do not have the correct values of neutrino mass, Dirac CP phase and 
Majorana phases and therefor our analysis may give some phenomenological sce- 
nario to constrain all these undetermined neutrino parameters by observing correct 
baryon asymmetry of the Universe. Also our analysis disfavored inverted hierarchy 
of neutrino mass and gives a hint to solve the hierarchy problem in neutrino mass. 
Baryon asymmetry of the universe is one of the major unresolved issue in these days 
and our work is trying to connect neutrino mass and mixing with baryon asymmetry 
of the Universe considering the same source. Neutrinoless double beta decay, renor- 
malization group equation also can be studied with the help of these models and we 
leave this work for future studies. 
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Chapter 158 ®) 
Lepton Flavor Violating Higgs Decay cro 


Priya Maji, Debika Banerjee and Sukadev Sahoo 


158.1 Introduction 


There are many decay modes for Higgs boson in standard model (SM) background 
which have been probed in LHC already. But from those decay channels of Higgs 
boson, there are few lepton flavour violating (LFV) decays (h > pit, h > et, h > 
eit) which are not allowed within the SM theory. The coupling of Higgs boson to 
quarks and leptons are suppressed due to small Yuakwa couplings in SM, which 
can be easily dominated by new physics contributions. Some scientists have ana- 
lyzed LFV decays (h > HT) in several extension of SM including both effective 
lagrangian approach and also some specific models. Previously, LHC predicted [1] 
the branching ratio for (h — put, h — er) which can reach up to O(10%). Recently, 
CMS [2] and ATLAS [3] collaboration have found the best fit of branching ration for 
the decay channel h — jut which is 0.84% and 0.77% with 2.40 and 1.30 respec- 
tively and the upper limit is constrained as B(h —> wt) < 1.51% [2] by CMS and 
Bih — ut) < 1.43% [4] by ATLAS. 


158.2 Theoretical Framework 


In our work, we are interested to follow the model independent calculations which 
are carried out by effective lagrangian approach. Yukawa interactions are mostly 
occurring interactions between Higgs and fermions. The Yukawa lagrangian is given 
as [5] _ _ 

Ly = —mi fi fe — Vij fi fh + huc., (158.1) 
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where Yj; is Yukawa coupling constant [1] and f,, fp are the charged leptons. The 
partial decay width and branching ratio of Higgs particle can be written as 


Mp 2 2 
(h > lglg) = Bq oles +UY I, (158.2) 


D(h > lol) 


BR(h > I,l3) = ; 
. Tsu + D(A > lols) 


(158.3) 


where, J, = 1g =e, w,T anda ¢ G and sy = 4.1 MeV. 


158.3 Result and Discussion 


From [5] we get the values of Yukawa coupling constants which are shown in the 
Table 158.1. Putting the values of Y,,, in (158.2), we have calculated the decay widths 
and branching ratios for the decay h > yt. Varying the range of Yukawa constants 
within 0 to 2.55 x 1073, we plot a graph of decay width and branching ratio vs. 
Yukawa constants. From Fig. 158.1, we observe that decay width increases exponen- 
tially and at branching ratio increases slowly with Yukawa constants. The best fit 
for Yukawa constants give almost the same value of experimental result of branch- 
ing ratios. The decay width for Y,,, = 1.87 x 10-3 (CMS) and Yr = 1.79 x 10-3 
(ATLAS) are found to be I,, = 0.0348 and I), = 0.03187 respectively. We hope 


Table 158.1 Upper limit Searches Limits on Yukawa 
and experimental values of = 
Yukawa coupling constant h > pr(CMS) Yur < 2.55 x 10 
Yur = 1.87 x 10-7 
h > pt(ATLAS) Yur < 2.45 x 1073 
Yur = 1.79 x 10-° 


Decay Width (DW), Branching Ratio (BR) 


0.0005 0.0010 0.0015 0.0020 0.0025 


Yukawa Coupling Constant Y,,, 


Fig. 158.1 Variation of decay width and branching ratio with Yukawa coupling constant 
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that the experimental confirmation of such processes could be helpful to enlighten 
the new physics. 
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Chapter 159 ®) 
Excited States Searches for Light and cre 
Heavy Flavour Quarks with CMS Data at 

Js =13TeV 


Rocky Bala Garg, Varun Sharma and Brajesh C. Choudhary 


159.1 Introduction 


Proton-proton collisions at high energy produces events containing particles with 
high transverse momenta, thereby probing the interacting partons at the shortest 
distance scales. These tests help to search for signals predicted by new physics 
models, such as substructure of quarks (quark compositeness). A common signature 
for quark compositeness is to search for its excited state. In this letter, coupling 
between excited quarks (q*), ordinary quarks and gauge bosons is uniquely fixed 
to be of magnetic moment type by gauge invariance. These can be described by 
effective Lagrangian [1]: 


l LV Xa a T ’ iY 
L Gro" 9s fs Cw + Of 5 Ww + of 5 Bw qu th.c., (159.1) 


7K 


In proton-proton collisions, excited quarks would be produced predominantly by 
quark-gluon annihilation, and would then decay into a quark and a gauge boson 
(g, W, Z, y). This analysis searches for the processes qg > q* — qy (where q = u, 
d) and bg > b* > by. 


159.2 Event Selection 


Events from Single photon data are required to pass the single photon trigger 
HLT_Photon165_HE10 and primary vertex selection. A high P7 photon (jet) with 
Pj}. > 190 GeV and 77 < 1.4442 (n/* < 2.4) are selected by utilizing the properties 
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Fig. 159.1 Invariant mass fitting with background polynomial function for q* (left) and b* (right) 


of these particles to identify [2]. The jets originating from decay of b-quarks are iden- 
tified using CSVv2 algorithm [3]. The invariant mass of the y+jet (y+b-jet) system 
is required to be greater than 695 GeV. The M, je:/M4+5—Jer fitted with polynomial 
background function is presented in Fig. 159.1. 


159.3 Results and Conclusion 


The limits on the o x BR x € is computed by constructing a poissonion likelihood. 
The expected limits obtained for q* and b* are shown in Fig. 159.2. 
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Fig. 159.2 Mass limit on o x BR x e for q* (left) and b* (right) 
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Chapter 160 Mm) 
Bianchi III Cosmologies for the Form cro 
F(R) = R — B/R" Using the Palatini 
Formalism 


Debika K. Banik, Sebika K. Banik and Kalyan Bhuyan 


160.1 Introduction 


F(R) gravity theory [1-3] have attracted considerable interest for explaining the 
late time acceleration of the universe. Among the various version of f(R) gravity, 
we have considered the Palatini f(R) gravity [1-3] and study the dynamics of the 
model f(R) = R — 3/R" using Dynamical System Approach (DSA). Here we have 
extended the work of our recent paper [3] and analyse the phase space of the spatial 
curvature for this particular form of f(R). 


160.2 Palatini f(R) gravity in Bianchi III metric 


The Bianchi type III metric is described by the line element [3] 
ds? = —dt? + A?(t)dx? + e~??* B2(t)dy* + C?(t)dz” (160.1) 


where A(t), B(t), C(t) are the expansion scale factors and p is a constant. x, y, z 
are the comoving coordinates and t¢ is the cosmic time. 
The resultant field equation for this metric is given by [3] 
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_ 660m + Pr) + 3(F'R — f) + Of'o? + 6f'P°CK) 


FP (160.2) 


2 


where 0, 0,2 K, Pm and p, are the volume expansion scalar, shear scalar, spatial curva- 
ture, matter energy density and radiation energy density, respectively. The expression 
for € is included in (160.5) 

The dimensionless variables we have introduced are as follows: 


. 30 is 3p?(?K) Sf R=f) 3K, 3K Pm 
_ = t= yr = >82m = Wap 
£0 £262 -) f'€202 fie? fie 
(160.3) 
Using the variables (160.3), the following evolution equations are obtained 
dx 2 2 
aa »[-34+ 32" + K —3x4+ 2, —9C(R)x + 9D(R)(X* + K — II - EK, 
= 
dK 
ae K{1 +32? + K —3x + 2, —9C(R)x + 9D(R)(Z* + K + DI, 
= 
d 
— = x[3 43524 K —3x +2, +9C(R)\ — x) + 9D(R)\(Z? + K)], 
= 
dQ, 
== O{-14+- 3s" 1K = 35 4 C+ 9C(Riz + 9D( RY’ + K)I, 
= 
l= d?-K4+x4+2,4+Q2n 
(160.4) 
where 7 stands for In a (a is the average scale factor) and 
1 Rf’ 1 f’R 27° R 
C(R) = — —,, D(X) = = 6 = 14-5 160.5 
Qa Gap Fe (160.5) 


Setting (160.4) equal to zero we get the following fixed points: P, : (2’, K, x, 92) 
= (0,0,0, 1), Pn : (2, K, x, 2-) = (0,0, 0,0), Pa : (2, K, x, 2) = (0, 0, 1, 0), 
P+: (3, K, x, 2,) = (£1, 0, 0, 0) : (2, K, x, 2,) = (1/2, —3/4, 0, 0), PB, : 
(d’, K,x, 2,) = 1, —1,0, -1) 


160.3 Conclusion 


In this analysis, we plot the phase space for f(R) = R — 3/R” in Fig. 160.1. We 
plot the phase portrait for nm = 1 and 0.1 (( arbitrary) and observed the heteroclinic 
sequence of the type Py — P, — Pz for both the values of n. This curve depicts the 
evolution of universe from non flat anisotropic point to the flat anisotropic point and 
finally towards the flat isotropic de-sitter point. 
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Fig. 160.1 Phase portrait for , n=1 
n=1,0.1 ne Poo ne. 
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Chapter 161 Mm) 
Explaining the Observed Deviation creek 
in R(D“) in an Anomalous 2HDM 


Lobsang Dhargyal 


161.1 Introduction 


It has been reported first by Babar and Belle, a possible deviation from the lepton 
flavor universality in R(D®) = pee The present world average gives 
a deviation of 1.80 for the R(D) and 3.30 for the R(D*) and the taken together 
corresponds close to a 3.80 deviation from SM prediction. There is also deviation 
reported in Br(B — Tv) which is 1.30 above the SM prediction. When the errors 
in R(D*) and B(B — Tv) are added in quadrature, deviation from SM is about 4c. 
In this work we present a Higgs mediated flavor universality violation in a Flipped 
or Lepto-Specific 2HDM with anomalous charged Higgs coupling to 7 lepton or b 
quark respectively. This work is base on the materials contain in the reference [1]. 


161.2 Results 

Due to limited space given, we will only show the main results from [1]. In Table 161.1 
we have shown for two different values of the parameters from the fits to the data: 
161.3 Conclusions 


By adding theoretical and experimental errors in quadrature [1], we conclude that 
our model agrees within 1o for the combination of R(D™) and Br(B —> Tv,) 
data compare to about 4c deviation from SM predictions. The same results can be 
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Table 161.1 Ne = 10.95 and we have taken the tan 6 as 100 > tan 6 > 1 

S.no tan 3 Mx GeV R(D) rn R(D*) rp Brr;(B > Tv) 
1 69.97 700 0.348 0.255 1.29 x 1074 

2 99.95 1000 0.348 0.255 1.29 x 10-4 


achieved if b quark replaces the 7 lepton in a Lepton Specific 2HDM. From the form 
of the Yukawa couplings it is expected that if we require 7 = —1 for the b quark or 
T lepton in the 2HDM-II will also work, an anomalous SUSY? 
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Chapter 162 M®) 
Study of Intermittency in Pb-Pb cree 
Collisions at 158 A GeV 


Sunil Dutt 


162.1 Introduction 


The word “intermittency” originally came from the field of fluid-dynamics [1]. In an 
isotropic turbulent fluid of a high Reynold number, an intermittent structure appears 
as tube-like regions of a high vorticity isosurface. This stochastic, irregular behavior 
leads to a similar power-law variations of the moments as the size of region is 
decreased. The properties of such fluctuations have been extensively measured and 
discussed in the turbulence of fluids. 


162.2 Mathematical Formulation 


Bialas and Peschanski [2, 3] suggested a means of suppressing the fluctuations due 
to finite multiplicity by calculating the mean scaled factorial moments < F,> of the 
multiplicity distribution. Given a total interval of rapidity divided into Ay divided 
M equal bins of size dy = », the mean scaled factorial moments < F,> of order q 
is defined as 


M Kn (Kin ~ 1) oo (Kin ~ qd Fe 1) 


m=1 N(N—1)...(N—q+D td 


<Fy>= Mt! > 


where K,, denotes the number of particles in mth bin. The behavior of F, as a 
function of is an indicator of the correlation length for fluctuations. <. ..> indicates 
an average over events, and <n> is the mean multiplicity within dy. In particular, 
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Table 162.1 The values bg.0, bg,1 and bg,2for q = 2, 3 and 4 


S. Dutt 


bak 2 4 

by.0 0.419 1.147 
bg,1 1.803 0.021 
by,2 —2.117 —1.040 


Table 162.2 Experimental data of WA98 experiment 


Data sets Type Er(GeV) No. of events 
Cent-I Most central > 347.6 342 
Cent-II Central 225.5-298.6 1000 
Cent-II Peripheral 89.9-124.3 748 


a mechanism with a self-similar (“branching”) structure would exhibit a power-law 
dependence 
+ Fond y (162.2) 


This power-law dependence is known as intermittency. The moments can either 
be normalized to the whole event sample or to the individual events. The moments 
are studied as a function of the chosen 7-bin and the variation of the moments with 
varying 67 may indicate an intermittent behaviour. Horizontal Analysis 


<Fy>H = 


1 Neuts 1 M Kmi ( Km,i —1)...(Kmi -9 +1) 
euts ae _ ae 1 < N>4 


(162.3) 


where N-y;s is the number of events in the sample, K,,,; is the content of bin m 
in event i and <N> is the average multiplicity in pseudorapidity window An. A 
correction factor for horizontal moments has been proposed by Fialkowski et al. [4] 
to compensate for the non uniform shape of the rapidity distributions. The horizontal 
moments are corrected by dividing the factor (Tables 162.1 and 162.2) 


1 M < Ky>! 
ene: q ue 
Ni a May < N>4@ 


The results from the analysis of data on photon multiplicities distributions. 


162.3 Details of Calculations 


The analysis is made on central collisions only which are characterized by ET cut 
of 348.8 GeV. From the sample of the interactions, we have collected 1000 central 
events. The quality of the events is tested for various plots like y- distribution and 


162 Study of Intermittency in Pb-Pb Collisions at 158 A GeV 685 


Table 162.3 The values of coefficients of A, B and C obtained from horizontal scaled factorial 
moment corrected for Experiment central data 


bg. k 2 4 
by. 0.022 + 0.01 / 0.01 0.237 + 0.03 
by. 0.024 + 0.02 0.11 0.443 + 0.03 
by,2 0.058 + 0.01 / 0.10 0.142 + 0.02 


Table 162.4 The values of coefficients of A, B and C obtained from horizontal scaled factorial 
moment corrected for simulated central data 


bg ok 

bg,0 0.011 + 0.01 0.022 + 0.01 0.147 + 0.02 
bgt 0.041 + 0.02 0.041 + 0.03 0.442 + 0.01 
bg,2 0.065 + 0.01 0.066 + 0.02 0.852 + 0.04 


%- distribution which are in line with the published results. For this purpose the 
VENUS 4.12 and GEANT (GWA98) package is used and the number of central 
collisions Simulated was about 1342.The data is analysed in restricted Pseudorapidity 
window 3.2 <y< 4.0 with full azimuthal coverage. These events were also subjected 
to all the procedures laid down for the experimental data. A relative comparison of 
the above studies was made for the relevant parameters and attempt has been made 
to understand the mechanism of the particle production and the observation of the 
fluctuations in the photon multiplicities (Tables 162.3 and 162.4). 


162.4 Conclusion 


We find poor evidence for an intermittent pattern of rapidity density fluctuations. The 
origin of such intermittent fluctuations is still unclear and remains an interesting area 
for both theoretical and experimental studies at LHC energies. The study of multi- 
plicity fluctuations of hadrons in final state enables one to find some new quantities 
to reflect the features of different kinds of phase transitions. The experimental results 
are compared with predictions of simulation studies using Monte Carlo (MC) code, 
VENUS, for particle production in relativistic nucleus-nucleus collisions. 
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Chapter 163 
Lepton Flavor Violation in a Model with 
Softly Broken Z4 Symmetry 


Roopam Sinha 


163.1 Introduction 


The Lagrangian of our model 


i) 


Check for 
updates 


Ly = Fi lirejr® + fa litNjr® ++: (it) °iteljrxf + hij SirejrXd 


+ hi (Nir) ejrxq + m SitNjr 


Particle content |SU(2);, x U(\)y|Za 
lit, = Wit, ein)" |@, —1) i 
€iR (1, —2) i 
Nir (1, 0) i 
Sik (1, 0) i 
@ (2, 1) 1 
xt (1, 2) -1 
xt (1,2) 1 


(163.1) 


A mass term MS, (v,)° is induced at the one-loop level. M;, Mr and ps are all 
Za violating. If we take m, ~ 0.1 eV, M ~ 1 eV, m ~ 1 TeV. The Majorana mass 


matrix M, in the seesaw basis X;, = (Ur (Nr)* St)" is given by 
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0 mp M\ (W)y\ 
Linas = (7 (Nr)° Sz) my 0 m" Nr = X,M,(X1)°. (163.2) 
M’ m 0 (S1)° 


The scalar potential of the model is 


2 
V(x. x2, ®) = Yo mix} xi + max} x2 + m3!) + o(' 0)? 


i=1 


2 2 

+ SOMO? + AOGXDOGN2 + D5 APT) OG (163.3) 

i=1 i=] 
m+ Xv? m2, 


Diagonalizing the matrix is 
pee ( miz Ny? +m} 


tion on a one ue , the masses of h,, 2 turns out to be, 
x2 —sin@ cos} \ho 


) through the basis transforma- 


[(m+—m5)+ (A, — 5) v7] cos 20-F m7, sin 20 
(163.4) 


i res l 
M?» = 5 limi +m) +O +Ag)0 1 5 


where tan 20 = = 2m}, /( (m4 _ m3) + (A, - Xy)v?). 


163.2 Radiative Mass M of M, 


Taking charged lepton mixings into account the radiative mass is given by 


2 2 2 2 
Me mi am 1 mi \(xr)* 
Mt 


In— 
(163.5) 


rare oe 1 
Mix Sit (vet) = Sitmh’.,g%. sin 8 cos 0 n 
ik Sic VeL) iL j hj | Ik 16r m2 — Mi" Mim — MP 


163.3. LFV Decays e; > e;-y and Z > exe* 


Apart from the W-boson mediated amplitude, the amplitude mediated by hy, ho: 


5 
a a mM; vt e vt e 7 2\2 
Dh,,hy(€i > C7) = 48n ” T90,3 U gu )ik(U gu); /M ) (163.6) 
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52 
m)Gr 


where 1/M? = cos” 0/M? + sin? 0/M3. Using I'(u > eb.v,) = joa;7> and the 
bounds on the branching ratios such as B(w > ey) = rs < 1.2 x 107" the 
Vy 


parameters of the model is constrained. Similar constraints are also obtained from 
various LFV Z decays and the decay p > ev, V,. 


Chapter 164 M®) 
Lepton Number Violation and Lepton creek 
Flavour Violation in Left-Right 

Symmetric Model 


Happy Borgohain and Mrinal Kumar Das 


164.1 Introduction 


The landmark discovery of neutrino oscillation has provided clear evidence that 
these tiny weakly interacting particles are massive, which has been an enthralling 
manifestation of physics beyond the Standard Model (SM). We have done a phe- 
nomenological study of two important BSM phenomenon, viz. NDBD and LFV in 
the framework of LRSM which can explain the origin of small neutrino mass via 
seesaw mechanism. We have studied for two js — 7 symmetric neutrino mass models, 
TBM and BM for both the hierarchies, normal and inverted. 


164.1.1 NDBD and LFV in LRSM 


In the context of LRSM, several new contributions to NDBD arises due to the presence 
several heavy fields. Many of the earlier works have explained it in details (like [1— 
3]). We have considered the new physics contributions to NDBD coming from Wr ~ 
and Ap respectively. For simple approximations, we assumed similar mass scales 
for the heavy particles i.e., Mp ~ Mw, © Mat+ © Mat+ © TeV. For new physics 
contribution to NDBD considering perturbation in type II (I) seesaw, effective mass 
governing NDBD is [1, 2], 


4 4 2 
fe a Mw,” Urei*2 5 Mw,” Urei Mi 


mya" = p (164.1) 
Mw, Mi Mwa? Mag” 
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Fig. 164.1 In figure left, new physics contribution to effective mass governing NDBD considering 
perturbation in type II (top) and type I (bottom) seesaw respectively, the dashed and the solid lines 
represents the GERDA [4] bound on the effective mass and the PLANCK bound on the sum of 
the absolute neutrino mass respectively and in figure right, total contribution to LFV shown as a 
function of 6;3 for the TBM and BM for both NH and IH 


The relevant branching ratios for the LFV process  — 3e is [1], 


1 2/ Mw 7 My 7 : M 
BR( > 3e) = =|hehi,| ( —+, + —*, ]. hy = y Vin Vin (| ——— 
2 ee mi** mi+* : Mw, 
L R n= 
(164.2) 


164.2 Results and Discussions 


While considering type II as perturbation, TBM pattern shows consistent results of 
Mere for NH and IH. Whereas considering type I as perturbation,the values that are 
consistent with experimental bound imposed by GERDA are found for lightest mass 
(0.001-0.1)eV for TBM and about 0.1 eV for BM. The BR for the process tp — 3e 
in the LRSM remains consistent in the 30 range for 6:3 for TBM mixing pattern 
whereas for BM, BR lies out of the limit propounded by the SINDRUM experiment 
(Fig. 164.1). 
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Chapter 165 M®) 
Search for CP Violation in D® — K eK Sheet 
Decay at Belle and Belle II 


N. Dash 


165.1 Introduction 


Charge-conjugation Parity Violation (CPV) in charmed meson decays has not yet 
been observed and is predicted to be (10-3) in the Standard Model (SM). An evidence 
for CPV in 2012 by LHCb (—0.82 + 0.21 + 0.11)% [1] suggested a 3.5 standard 
deviation (7), confirmed by CDF [2], took people by surprise and revived the field. 
Measurements of AAcp (A2,77°* — A2i>**K’) have been performed by LHCb, 
CDF, BaBar and Belle collaborations [3, 4]. Recently LHCb updated AAcp result 
with a larger data sample and there is no evidence of non-zero asymmetry [4]. The 
combined result of AAcp by HFAG [5] gives an agreement with no CPV at 9.3% 
confidence level (CL). Though there is no current evidence of non-zero asymmetry, 
CPV in charm decays is investigated in other channels. Singly Cabibbo-suppressed 
(SCS) decays are of special interest as the possibility of interference with NP am- 
plitudes could lead to larger CPV than predicted by SM, The D®° > K. SK. iv decay is 
one such channel [6]. 

The D® candidates are selected as coming from the decay D*+ + D°x*, where 
m+ denotes the low-momentum “slow” pion. The charge of this slow pion reveals the 
flavor content of neutral D meson (whether it is a D® or D® ) at its production vertex. 
A stringent selection criterion is applied on the momentum of the D*t candidate in 
the ete center-of-mass frame, p*(D*), to suppress D** coming from B decays as 
well as to reduce the combinatorial background. Assuming the total decay width to 
be same for particles and antiparticles, the time-integrated Acp is given as: 


_ PW? => f)- Pro f) 


Ages aed (165.1) 
(DY => f+ TO" f) 
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Fig. 165.1 Distributions of the mass difference AM for the Ker® (left two) and KK (right two) 
final states. Points with error bars are the data, the solid curves show the results of the fit, dashed 
(blue) curves are the background predictions and solid (cyan) is for the peaking background 


where, I" represents the partial decay width and f is specific final state. The 
extracted raw asymmetry is given by: 


_ N(D° > f) -N@° > f) 
~ N(D9 > f) +N(D° > f) 


Taw 


= Acp + App + At (165.2) 


Here, Arg is the forward-backward production asymmetry, and A= is the asym- 
metry due to different detection efficiencies for positively and negatively charged 
pions. Both can be eliminated through a relative measurement of Acp if the charged 
final-state particles are identical. The Acp of signal mode (S) is measured relative to 
other well measured normalization decay mode (N). Such an approach enables the 
cancellation of several sources of systematic uncertainties that are common to both 
the signal and normalisation mode. The CP asymmetry of the signal mode can then 
be expressed as: Acp(S) = Araw(S) — Araw(NV) + Acp(N). For Acp(N), the world 
average value [7] is used. The result of the analysis presented here is based on data 
sample corresponding to 921 fb~! integrated luminosity collected with the Belle 
detector at the KEKB asymmetric energy ete~ collider at center of mass energy ./s 
= 10.58 GeV [8]. 


165.2. Search for D® > KeK¢ Decay 


The D® + KoKe decay is Single Cabibbo Suppressed channel [6]. The most recent 
SM-based analysis obtained a 95% CL upper limit of 1.1% for direct CP violation 
in this decay [9]. The search for CP asymmetry in D° > KKe has been performed 
first by the CLEO Collaboration [10] using a data sample of 13.7 fo~! as (—23 + 
19)%. Recently, LHCb measured time-integrated CP asymmetry in D° > KORE 
as (—2.9 + 5.2 + 2.2)%, where the first uncertainty is statistical and the second 
is systematic [11]. The LHCb result is consistent with no CPV, in agreement with 
SM expectations. We present here the preliminary result of the measurement of the 
CP asymmetry in D® —> KiKe decays using 921 fb~! data collected at the Belle 
detector. 
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165.2.1 Signal Extraction and Systematic Uncertainties 


A simultaneous fit of the AM for D** and D*~ is used (Fig. 165.1) to estimate 
the asymmetry. Here the normalization mode is D° > K8r°. The AM (the mass 
difference between reconstructed D* and D®) distributions for the signal mode D° > 
KK. : and normalization mode are shown in Fig. 165.1. The signal yield for D° > 
Kike is 5,399 + 87 events and for D° > Kgn° is 531, 807 + 796 events. The 
Araw Observed in data for signal and normalization modes are (+0.45 + 1.53)% 
and (+0.16 + 0.14)%, respectively. The total systematic uncertainty for the time 
integrated CP violating asymmetry Acp in the D° > Kok decay is £0.17% [12]. 
A nonvanishing asymmetry originating from the different nuclear interaction of K° 
and K° mesons with the detector material estimated in Ref. [13] in the presence of 
neutral kaon in the final states. 


165.2.2. Result and Conclusion 


The measured time-integrated CP-violating asymmetry Acp in the D? > KoKe 
decay is found to be Acp = (—0.02 + 1.53 + 0.17) % using a data sample of 921 fb~! 
integrated luminosity. The dominant systematic uncertainty comes from the Acp 
error of the normalisation channel. The result is consistent with SM expectations 
and is a significant improvement compared to the previous results from CLEO [10] 
and LHCb Collaborations [11], already probing the region of interest. The Belle II 
experiment is designed to record data at SuperKEKB, a major upgrade of KEKB, 
expect Acp with a precision of 0.2% and should be able to test the SM. 
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Chapter 166 ®) 
Charged and Neutral Current Pion creek 
Production in Neutrino-Nucleus 

Scattering 


Kapil Saraswat, Prashant Shukla, Vineet Kumar and Venktesh Singh 


166.1 Introduction 


The neutrinos in the range between 1 and 3 GeV can interact with matter by many 
processes such as quasi elastic scattering (QES), interaction via resonance pion pro- 
duction (RES) and deep inelastic scattering (DIS). One of the most important pro- 
cesses in the RES region is coherent pion production. Coherent pion production is a 
process where the nucleus interact as a whole with neutrino and remain in the same 
quantum state as it was initially when the neutrino arrived. 


166.2 PCAC Based Model 


The PCAC based approach is used to calculate the differential cross section for the 
charged and neutral coherent pion production process which s given in [1, 2]. The 
used kinematic cuts are given in [2]. € is a parameter which is used for the pion 
dominating picture in the scattering process. The pion-nucleus cross section is based 
on the Glauber model approach which is described in [2]. 
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166.3 Results and Discussions 


Figure 166.1 shows the total cross section o for the neutrino-carbon scattering as a 
function of the neutrino energy E,, obtained using the PCAC model for € = | and 2. 
The upper panel shows the charged current (CC) case while the lower panel shows 
the neutral current (NC). In the upper panel, the calculations are compared with the 
MINERVA data [3]. The calculations are compatible with the data. In both panels, 
the cross section is reduced with increasing the value of €. Figure 166.2 shows the o 
for the neutrino-iron scattering as a function of E,, obtained using the PCAC model 
for € = 1 and 2. Figure 166.3 shows the o for the neutrino-oxygen scattering as a 
function of E,, obtained using the PCAC model for € = | and 2. In the upper panel, 
the calculations are compared with the T2K data [4]. The calculations are compatible 
with the data at lower neutrino energy. With increasing the value of &, the total cross 
section is reduced. 


166 Charged and Neutral Current Pion Production in Neutrino-Nucleus Scattering 
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166.4 Conclusion 


We presented the integrated cross section for the charged and neutral coherent pion 
production in neutrino - nucleus scattering using the formalism based on PCAC 
theorem which relates the neutrino - nucleus cross section to the pion - nucleus 
elastic cross section. We study the behavior of the cross section as a function of 
neutrino energy and the parameters of the model. The calculations are compared 
with the experimental data. The calculation gives good description of the MINERvA 
data while it gives good description of the T2K data at low neutrino energy. 
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Chapter 167 ®) 
Freeze-Out of Strange Hadron in pp, pPb ox 
and PbPb Collisions at LHC Energies 


Kapil Saraswat, Prashant Shukla, Vineet Kumar and Venktesh Singh 


167.1 Introduction 


Heavy ion collisions at Large Hadron Collider (LHC) and Relativistic Heavy Ion 
Collider (RHIC) are performed to create and study the properties of Quark Gluon 
Plasma (QGP). The pr spectra of the hadrons is useful tools to study the particle 
production mechanisms, thermalization and collective effects and at high pr probe 
jet quenching effects. Three types of the collision processes such as pp, pPb and 
PbPb are performed to study about the different aspects of the particle production at 
different center of mass energies at LHC. 


167.2. Modified Tsallis Distribution Function 


In [1], the Tsallis function with the transverse flow is given as 


d3N - a 
ED = Gl ex7( vpn) a] (167.1) 
’ n nT 


Here C,, is the normalization constant, my is the transverse mass and y = 
1/,/1 — G2. The parameter n is also called the degree of the thermalization. It is 
related to the non-extensivity parameter g by the relation n = 1/(g — 1). 
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167.3 Results and Discussions 


Figure 167.1 shows the invariant yields of K° for different multiplicity events in pp 
collision at ./s = 7 TeV (panel(a)), pPb collision at ./snn =5.02 TeV (panel(b)) and 
PbPb collision at ./snn = 2.76 TeV (panel(c)) as a function of the pr measured by 
the CMS experiment [2] in the mid rapidity region | ycyy| < 1. The solid curves are 
the modified Tsallis distribution fitted to K° py spectra. The modified Tsallis gives 
good description of the data. 


Figure 167.2 shows the Tsallis parameters n (panel(a)), T (panel(b)) and (3 


(panel(c)) as a function of the efficiency corrected average track multiplicity < 
Nuk > in the pp collision at ./s = 7 TeV, pPb collision at ./syn = 5.02 TeV and 


CMS, pp @Vs =7 TeV 


Moulst 2 


CMS, pPb @ VSyy = 5.02 TeV 
lYoml<1 


CMS, PbPb@ WS, = 2.76 TeV 


Fig. 167.1 The invariant yield of K9 as a function of pry for pp, pPb and PbPb collisions 
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Fig. 167.2 n,T and ( for K° as a function of < Mik > in pp, pPb and PbPb collisions 


PbPb collision at ./sjn = 2.76 TeV. In the panel (a), It is found that the parameter 
n decreases with increasing multiplicity in pp collisions but its behaviour remains 
similar in other collision systems. In the panel (b), the temperature T increases with 
increasing multiplicity in pp and pPb collisions but it varies slowly in PbPb collisions. 
In the panel (c), The transverse flow ( increases with increasing multiplicity for all 
systems. 


167.4 Conclusion 


The analysis of pr spectra of K° for different multiplicity classes in pp, pPb and 
PbPb collisions is performed using the TSallis distribution which includes the trans- 
verse flow. The parameter n remains similar for different multiplicity classes in all 
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systems. The Tsallis temperature T increases with increasing multiplicity in pp and 


pPb collisions but it shows little change in PbPb collisions. The transverse flow 3 
increases with multiplicity and it is smaller for larger systems. 
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Chapter 168 ®) 
Study of Bt — Dtvv Decay ey 
in the Light-Cone Quark Model 


Nisha Dhiman and Harleen Dahiya 


168.1 Introduction 


The study of an exclusive semileptonic rare Bt — Dtvi decay is prominent among 
all the B. meson decay modes as it plays a significant role for precision tests of the 
flavor sector in the SM and its possible new physics extensions. At quark level, the 
decay B* — D*vi proceed via b > d FCNC transition with the intermediate u, 
c and t quarks and most of the contribution comes from the intermediate t quark. 
Also, due to the neutral and massless final states (vv), it opens an unique opportunity 
to study the Z penguin effects [1]. The theoretical analysis of CP violating effects 
in rare semileptonic decays requires knowledge of the transition form factors that 
are model dependent quantities and are scalar functions of the square of momentum 
transfer. As a theoretical input, hadronic matrix elements of quark currents will be 
required to calculate the transition form factors [2] in order to study the decay rates 
and branching ratios of the decay process. In the present work, we have evaluated 
the form factors for B* + D*vv decay in the light-cone framework. 


168.2 Form Factors for Bt — D+tvv Decay in LCQM 


The form factor f,(q7) and f7(q7) can be obtained in g* = 0 frame with the “good” 
component of current, i.e. 4 = +, from the hadronic matrix elements [2]. The form 
factors f,.(q7) and fr (q7) can be expressed in explicit form as [3] 
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Fig. 168.1 Analytic solutions of f; and fr (thick solid curve) compared with the parametric 
results (dashed curve), with definition s = g2/M a 
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We choose a double pole parametric form to compare our analytic solutions [4] 


f (0) 


a 
f@) = 1+As+Bs? 


The constituent quark masses and the scale parameter ( (in units of GeV) that we 
have used in our work are given as 


my = 4.8, mg = 0.25, m, = 1.4, Bg+ = 0.81 and Bp+ = 0.46. 


Using these parameters, we present the analytic solutions of the form factors f; and 
fr (thick solid curve) for 0 < ie < (M+ — Mp+)? in the Fig. 168.1. 
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Chapter 169 ®) 
Event Selection and Background cro 
Estimation for Decay B® > J /~-y 


Rajeev Kumar 


169.1 Introduction 


The decay B° — J/w)y is very rare decay with a theoretical predicted branching 
fracton of 5.398 x 107° in naive factorization hypothesis [1] and is 2.435 x 107° in 
the framework of QCD factorization at the order of a; [2]. The decay is also sensitive 
to New Physics (NP), for example right handed currents [2] or non-spectator charm in 
the B° meson [3]. An upper limit of 1.6 x 10-°(1.5 x 10~°) on the branching fraction 
was set at 90% confidence level by the BaBar collaboration (LHCb collaboration) 
[4, 5]. 


169.2 Reconstruction of J/7, ~ And B-Meson 


The identification of the leptons is very vital for the reconstruction of J/w. The 
J/x mesons are reconstructed from the decay mode J/y — &+£~, where ¢ is 
muon or electron. A charged track is said to be as muon track if its muon like- 
lihood ratio R(y) is greater than 0.1, where R(u) = L,/(L, + £, + Lx). The 
likelihoods £,, £, and £x for a track to be identified muon, pion and kaon, 
respectively are calculated using the method explained in reference [6]. The elec- 
tron tracks are identified by combining dE/dx from the CDC, E/p and shower 
shape in the ECL. The four-momenta of soft photons within 50 milliradian of 
the et or e~ directions are included in the invariant mass calculation of J/~ 
to recover di-electron events which are radiating a photon. The invariant mass 
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Fig. 169.1 The AE 2400 
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windows are —0.07 (—0.14) GeV/c? < Me+e- — Mj, < 0.040 GeV/c? to select 
J/w candidates in the tp (ete~) channels where M7/,, denotes the world aver- 
age of J/w mass [7]. Photon candidates are selected as ECL energy clusters which 
are not associated with a charged track. The photon candidate is rejected if the 
energy ratio in the central array of 3 x 3 ECL cells to that of 5 x 5 cells (E9/Es5) 
is less than 0.95. A 7° — yy (n — yy) veto is applied to reject the photons 
when combined with another and satisfy 0.110 GeV/c? < M,,, < 0.150 GeV/ e 
(0.500 GeV/c? < M,,, < 0.575 GeV/c”). The B-candidate is reconstructed by 
combining a selected photon with a J/7 candidate. The AE = E} — Ey... called, 


beam 
energy difference, is used to separate signal from background, where Ey... is the 


beam 
run dependent beam energy and E% is the reconstructed energy. The 100,000 sig- 
nal Monte Carlo (MC) BB events generated using EvtGen and the response of 
Belle detector is simulated by using GEANT4 software package [8], which accom- 
modates the geometry of each detector component. The fitted AF distribution is 
shown in Fig. 169.1, where signal shape is parametrized by CBline shaped function 
and combinatorial background by Chebyshev polynomial of order 2. The obtained 
reconstruction efficiency is (28.1 + 0.2)%. The background in this analysis include 
background from decays of B and from continuum quark production (ete~ > q@). 
The Belle simulated sample contains all these types of the background. The com- 
parative studies of both on-resonance simulated continuum background and off- 
resonance experimental data indicate that there is negligible fraction of these events 
satisfying the selection criteria. The background from hadronic decays of B mesons 
is estimated by using a large MC sample having size 100 times that of data. The 
asymmetric AF signal region ensures that majority of these background events lies 
outside the signal region. The major fraction of the background in the signal region 
is primarily due to B° > J/w7(n) where a photon from 7°(7) > yy is misiden- 
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tified as a B° — J/wvy photon. Also, the background from B° > J/wWK, decays 
have peaking structure in the signal AE region because K;, —> 37° in the electro- 
magnetic calorimeter and mimic as a shower from a single photon. The obtained 
background estimates of 3.7(0.6) events for Bos J / wr (n) mode and 0.8 events 
for Bo > J /wK yz mode, which result in a total background of Noxg = 4.5 £ 1.1 
events in the signal region. The peaking shape from B® > J/y7°(n) is modelled by 
sum of two bifurcated gaussian and that of B° > J/wK ,(Ks) by that of bifurcated 
gaussian. The remaining components of the background have flat structure in the 
signal AE region. 

On summarizing, the Belle has started the analysis B° > J/qy using 771 million 
BB events. The obtained reconstruction efficiency is (28.1 + 0.2)% and background 
parametrization has been completed. Using this large data sample, we are expecting 
a first evidence or better upper limit on this analysis from the previous measurements 
by BaBar and LHCb [4, 5]. 
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Chapter 170 ®) 
Bounds on Sterile Neutrino Component cro 
in the Solar Neutrino Flux 


Govind Singh, Ashish Sharma, Gazal Sharma, Shankita Bhardwaj, 
Surender Verma and B. C. Chauhan 


170.1 Introduction 


The Sun glows due to fusion reactions such as hydrogen burning occuring in the core 
of the Sun. These fusion reactions generate enormous flux of neutrinos. The hunt for 
solar neutrinos began with the Homestake Solar neutrino experiment during 1960s. 
At present, we have solar neutrino data from numerous neutrino experiments. In our 
current work, we are using solar neutrino data from Salt phase of Sudbury Neutrino 
Observatory (SNO-II), Neutral Current Detector (NCDs) phase of SNO, also known 
as SNO-III phase, SuperK-I, SuperK-II, Borexino and KamLAND [1, 2]. In this 
paper, we have done model independent analysis of the available solar neutrino data 
from above experiments and derived the constraints on the sterile neutrinos, which 
might be present in the solar neutrino flux. 


G. Singh - A. Sharma - G. Sharma - S. Bhardwaj - S. Verma - B. C. Chauhan (Bl) 
Department of Physics and Astronomical Science, School of Physical 

and Material Sciences, Central University of Himachal Pradesh (CUHP), 
Dharamshala, Kangra 176215, Himachal Pradesh, India 

e-mail: chauhan @associate.iucaa.in 


G. Singh 
e-mail: gsgovind22 @ gmail.com 


A. Sharma 
e-mail: sharma.ashish2615 @ gmail.com 


G. Sharma 
e-mail: gazzal.sharma555 @ gmail.com 


S. Bhardwaj 
e-mail: shankita.bhardwaj982 @ gmail.com 


S. Verma 
e-mail: s_7verma@ yahoo.co.in 


© Springer International Publishing AG, part of Springer Nature 2018 713 
Md. Naimuddin (ed.), XX/ DAE High Energy Physics Symposium, Springer 
Proceedings in Physics 203, https://doi.org/10.1007/978-3-319-73171-1_170 


714 G. Singh et al. 


170.2 Theory of Model Independent Analysis 


The model independent equations in terms of solar neutrino flux, neglecting elec- 
tronic antineutrino component [3, 4], are given as 


a = dy,> ge = dy, - dy, oF LO a = dy, + roy, aa ry dp, - 
(170.1) 


The parameters r, 7, are the ratios of the NC neutrino and non-electronic antineu- 
trino event rates to the NC+CC neutrino event rate, respectively. However, ry is 
the ratio of the antineutrino deuteron fission event rate to neutrino deuteron fission 
event rate. Here the subscript ‘x’ in v, and vy, represents the non-electronic (44/7) 
components. 

The active neutrino (Vv. + vy + VY.) and sterile neutrino (Vs4e,j/e) fluxes are given by 


_ =) 4NC = CC _ AES 
Ait rove +U—ra( — re ) uy (170.2) 


rr —T, 


We get the flux for sterile neutrinos by subtracting the active neutrino flux from the 
SSM predictions 


Psterile = Cee — Pactive (170.3) 


The fraction of active neutrinos present in the solar neutrino flux can be estimated 
by 


2 Pactive — ge 


By model-independent way, Elastic Scattering (ES) rate for Borexino and KamLAND 
experiment for no-antineutrino component (sin?7 = 1) is given as 
Reorjx, = P™ + (1 — P*)rsin’a, (170.5) 


where P is the survival probability for medium energy neutrinos and r is the cross- 
sectional ratio for Borexino and KamLAND Solar phase. 


170.3 Results and Discussion 


We have used SSM predictions for 8B solar neutrino flux, dssy= 5.88+0.65 x 
10%cem~? s~! [5]. 
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Table 170.1 Limits on active and sterile neutrino fluxes for Case-I and Case-II in units of 
10°cm~? s~! 

Case-I Case-II 

SNO-II SK-II SK-II SNO-III SK-II SK-III 

active |4.64+0.71 |4.59+0.62 | 4.69+0.57 6.3140.74/|5.34+40.67 |5.44+0.62 
Psterile | 1.24+0.96 |1.29+0.90 | 1.19+0.87 0.43 £0.18 | 0.54+0.93 | 0.44+0.90 
sin? |0.7140.15 |0.69+0.13 | 0.72+0.13 1.10+0.20/0.87+0.16 |0.90+0.16 


Table 170.2 Cross sectional 7, Fa 
ratios 
SNO-II 0.150 0.115 0.954 
SNO-III 0.151 0.116 0.955 
SK-I 0.149 0.114 - 
SK-I 0.151 0.116 - 
Bor 0.213 0.181 - 
KL 0.210 - - 
Table 170.3 Bounds on R Bor (no-sterile) 
Rgor for Case-I and Case-II 
SNO-II 0.561+0.17 
SK-I 0.561+0.17 
SK-I 0.561+0.17 
SNO-II - _ 
SK-I 0.552+£0.18 0.565 £0.17 
SK-III 0.554+0.18 0.565 £0.17 


The second row of Table 170.1 represents the constraints on @sreriie. In Case-I 
the bounds on sterile flux at 1 o range is Qsrerite < 2.20 X 10°em~? s~!, dsterite < 


2.19 x 10°em~? s~! and @sterite < 2.06 x 10°cm~? s~! for SNO-II with SK-II and 


SK-IIL, respectively which is more constrained as predicted by the work in literature 
[4], which is srerite < 2.24 x 10®em~? s~! at 1 o. For Case-Il, the bounds on sterile 


flux at 1 o range is Psrerite < —0.25 x 10®cem~* s~!, dsterite < 1.47 x 10°cm-? s~! 


and @sterile < 1.34 x 10°cem~? s~! for SNO-III with SK-II and SK-III, respectively. 
There is also a probability of no-sterile solar neutrino flux in the lower side of 1 a 
band for this case (Tables 170.2, 170.3 and 170.4). 


The ES rates obtained for Borexino and KamLAND are: 
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Table 170.4 Bounds on Rx, 


for Case-I and Case-II Rx (sterile) Rx _(no-sterile) 

Case-I 

SNO-II 0.523 +0.18 0.556+0.17 

SK-II 0.522+0.18 0.556+0.17 

SK-II 0.524+0.18 0.556+0.17 
Case-II 

SNO-III - - 

SK-II 0.550+0.18 0.564+0.17 

SK-III 0.551+0.18 0.564+0.17 


170.4 Conclusion 


In this work we have obtained, in a model independent way, the active solar neutrino 
flux bounds for the sub-cases of Case-I (SK-II and SK-IIJ ES). This clearly indicates 
the presence of sterile neutrino component in solar neutrino flux data. The sub-cases 
of Case-II (SK-II and SK-III ES) show that there may or may not be presence of sterile 
component in solar neutrino data. The upper bounds on @¢;¢;i7e are more constrained 
than previously existing in literature. The constraints on sterile neutrino component 
in KamLAND and Borexino are also presented. 
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Chapter 171 ®) 
Study of Bulk Properties in Cu+Au, crest 
Cu+Cu and Au+<Au Collision 

at ./SNN = 200 GeV Using AMPT 

and UrQMD Models 


Sumit Kumar, Lokesh Kumar and Natasha Sharma 


171.1 Introduction 


One of the main aim of high energy heavy-ion collisions is to explore the QCD phase 
diagram, search for possible QCD critical point and phase boundary. To explore 
the phase diagram we need to obtain two axis-temperature and baryon-chemical 
potential [1]. These quantities are obtained by measuring particle yields and ratios. 
We have studied particle yields and ratios for Au+ Au, Cu+Cu and Cu+Au collisions 
at ./snn = 200 GeV using the AMPT [2] and UrQMD [3] models. The models results 
are compared with the available experimental data. 


171.2 Results and Discussions 


171.2.1_ Energy Dependence of Yields and Ratios 


The experimental data [4, 5] as well as both models (AMPT and UrQMD) show 
increase in 7*, 7, K*, K~, p yield and decrease in proton yield with the increasing 
energy for Au+Au and Cu+Cu collisions. The experimental yields of 7*, K~, p and 
p is higher for Au+-Au collisions than Cu+Cu at ./snn = 200 GeV. The AMPT and 
UrQMD both models predict that the yields of 7*, K~, p and p is higher for Au-+- Au 
collisions than for Cu+-Au than for Cu+Cu collisions at ./syn = 200 GeV. Both 
the models explain the experimental data qualitatively. The AMPT model seems to 
describe particle yields better in most of the cases. 
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Fig. 171.1 Comparison of experimental anti-particle to particle ratios with models for different 
collision systems as a function of energy for 0-5% centrality class 


The experimental measurements of K~/K* and p/p ratios increase with increasing 
energy from 3.8 up to 200 GeV. However, 7/77 ratio decreases with increasing 
energies and approaches to unity around 10 GeV and remains constant with further 
increase in energy. The mixed anti-particle ratios K~/7~ and p/m” show increasing 
trend with increasing energy. The p/7t ratio decrease with increase in energy then 
remains constant for higher energies. The K*/* ratio increases with increasing 
energies, show a peak/horn around 7.7 GeV and then decreases and become constant 
with further increase in energy. 

We have compared the experimental measured ratios with both AMPT and 
UrQMD models. Both models qualitatively explains the ratios, the AMPT seems 
to describe the ratios better in most cases. However, the UrQMD model repro- 
duce the peak/horn structure qualitatively in Kt/7* ratio whereas, AMPT default 
version shows smooth trend with no horn but explains the ratio quite well above 
10 GeV. Figure 171.1 show the comparison of experimental ratios with both models 
for different collision systems as a function of energy for 0-5% centrality class. 


171.2.2_ Centrality Dependence of Yields and Ratios 


The experimental yields increase from peripheral to central collisions. Both AMPT 
and UrQMD models qualitatively explains the measured yields and ratios. Figure 
171.2 show the comparison of experimental yields with models for different collision 
systems at ./snn = 200 GeV as a function of centrality. 


zB 500 Exp. ala Aw S 50 Dip. Dats vl 
ZS 450 E = exp. data aueau F200 Gev S70 Foy bp Daeawas rae200 Gev 2 = curcu Exp. Data fBj=200 GeV 
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20 f= CuscuUramD 10 F 
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Fig. 171.2 Comparison of experimental yields with models for different collision systems at 
./SNN = 200 GeV as a function of centrality 
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Chapter 172 ®) 
Mass Spectra of Bottonia Using Linear pee 
Potential in Relativistic Frame Work 


Tanvi Bhavsar, Manan Shah, Bhavin Patel and P. C. Vinodkumar 


172.1 Introduction 


Observations made in the last few years have generated great interest in heavy quark 
sector. Decays of heavy quarkonium(Charmonium and Bottomonium) with emission 
of light quarks are important to study new exotic states and help us to understand 
the quark dynamics and the light hadron formation. Bottomonium is considered to 
be a best tool to understand Quantum Chromodynamics (QCD) at low energies [1]. 
The Belle detector and KEKB e~ et collider have collected data for bottomonium 
sector above threshold i.e. for higher excite states Y (48, 5S, 6S) [2, 3]. In this study 
we have computed mass spectra of bottomonium states in relativistic frame work by 
using linear confinement potential. This formalism has been successfully applied to 
describe mass spectra of the heavy-light meson and their decay properties [4]. 


172.2 Theoretical Formalism 


We assume here that quark and anti quark inside the mesonic bound state is inde- 
pendently confined by a potential [4], 


Vin= (1 +79)(Ar + Vo) 
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where \ is the strength of the confinement part of the potential. Vo is a constant 
negative potential depth. To get binding energy we have solved the two component 
(positive and negative energy) Dirac equation [5]. After solving these equations we 
express the energy eigen value as 


€ = (Ep — mz — Vo)(m, + Ep)iA* 


The parameters are fixed to get the ground state masses of bb. The confined one gluon 
exchange interactions used in our earlier study of open flavor meson are employed 
for the present study [4]. Sample results for S and P states are given in Table 172.1. 


172.3 Result and Discussion 


The predicted masses of bottomonia are found to be in accordance with experimental 
results and also with other available theoretical results. The predicted results of 
S-wave bottomonium states agree well up to 3S states and the result for P-wave 
bottomonium agree well up to 2P states. 
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Chapter 173 ®) 
Mass Spectra of Doubly Heavy £5, ra 
Baryons 


Zalak Shah and Ajay Kumar Rai 


173.1 Introduction and Theoretical Framework 


During the last few years, the significant experimental progress (LHCb, BELLE, 
BABAR, FOCUS) has been developed on the spectroscopy of the heavy baryons. 
Although, no experimental evidences of doubly heavy &',, baryon is observed yet [1]. 
Therefore, it would be interesting to present reliable theoretical predictions of this 
baryon [2-5]. The Hamiltonian of three body baryonic system in terms of reduced 
mass and six dimensional hyperradial Schrodinger equation can be written (in terms 
of radial hyper central coordinate x) in the hCQM as [6, 7] 


@ Sd yyt+4) 
E er 3 W(x) = —2m[E — V(x) W(x) (173.1) 
0 1 1 1 
V(x) = V°(x) + | — + — J V(x) + Ven(x) (173.2) 
Mp mM) 

i ae 
VOR) = —+ Bx & VO) = —CrCa— (173.3) 

x 4x 
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We consider the hypercentral potential V (x) as the color coulomb plus linear potential 
with first order correction along with the spin dependent part to calculate the mass 
spectra [details can be found in [7]]. 


173.2 Results and Discussions 


The obtained mass spectra upto L = 2 (1S-3S, 1P-3P, 1D-2D) are listed as well as 
compared with other theoretical predictions in Table 173.1. We observe that ground 
state masses are in good agreement with each others [2-4] except [5]. Since the 
spectra are unknown experimentally, the regge trajectory (M? — n) is plotted in 
Fig. 173.1 using the obtained values. The plot can be seen linear, parallel and equidis- 
tant. Using n = 3M? + £3, we can find slope (3) and intercept (3) values. This 
study will be useful to identify the resonances and also to assign the J’ values of 
the 4,- baryon in future experiments. 


Table 173.1 S, P and D state masses of 4, baryon (in GeV) 
State Our | [2] [3] [4] [5] State Our | [5] State Our | [5] 

(171 /2)| 6.920 | 6.919 | 6.943 | 6.904 | 7.014| (1? Pi/2) | 7.160 | 7.390} (14D3/2) | 7.326 | 7.706 
(17S3/2)| 6.986 | 6.986 | 6.985 | 6.936 | 7.064) (17 P32) | 7.149 | 7.394] (14Ds,2) | 7.313 


(2781 /2)| 7.244 7.478 | 7.321 | (27 P1/2) | 7.425 (24D3/2) | 7.571 
(27S3/2)| 7.267 7.495 | 7.353 | (2? P32) | 7.415 (24.Ds/2) | 7.559 
(37 S1/2)| 7.509 7.904 | (37 P12) | 7.664 


7.655 


(3°S3/2)| 7.521 7.917| (3° P3/2) 


Fig. 173.1 Regge 60 
Trajectories of &- baryon in 

(n, M?) plane (n = principal 58-] 
quantum number) for S Gs 
P(5 ) and D (3") state 56-4 


M’(GeV’) 


507 @ Sstate 
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Chapter 174 M®) 
Mass and Hadronic Decay Widths of Z cro 
States as Di-meson Molecule 


N. R. Soni, R. R. Chaturvedi , A. K. Rai and J. N. Pandya 


After the discovery of Z* and vas hadronic states by BESIII [1] and BELLE [2] 
collaborations respectively, there have been many attempts to describe these states 
either as tetra quark states or as hadronic molecules. The charged states and the 
masses of these exotic states are nearer to the threshold of D+ D* and BB* and 
respectively suggesting them to be di-mesonic molecular states. We treat them as 
hadronic molecules of D+ D* mesons and B B* mesons. We consider the interaction 
between the constituent mesons of the type modified Woods-Saxon plus Coulomb 
repulsive terms of the form [3] 


V CExp [=*e 
Vi) = 0 = 4 xp[ a ] 5 
1+ Exp| = ] (1+ Exp [—*]) 


a 


(174.1) 


where the potential parameters are the strength of the potential Vy = 15 MeV, 
b = 0.08, size of the hadron Ro = 1.75 fm, diffuseness of the surface of the molecule 
a =-0.51 fm. C determines the depth of the potential (0 < C < 150MeV) [3]. For 
computation of binding energy, we solve the Schrddinger equation numerically for 
the interaction potential defined in Eq. 174.1. Binding energy and thus the di-mesonic 
molecular masses are given in Table 174.1. 


N.R. Soni - J. N. Pandya (BX) 

Applied Physics Department, Faculty of Technology and Engineering, 

The Maharaja Sayajirao University of Baroda, Vadodara, Gujarat 390001, India 
e-mail: jnpandya-apphy @ msubaroda.ac.in 


N. R. Soni 
e-mail: nrsoni-apphy @ msubaroda.ac.in 


R. R. Chaturvedi - A. K. Rai 

Applied Physics Department, Sardar Vallabhbhai National Institute of Technology, 
Surat, Gujarat 395007, India 

e-mail: raghavr.chaturvedi@ gmail.com 


A. K. Rai 
e-mail: raiajayk @ gmail.com 


© Springer International Publishing AG, part of Springer Nature 2018 729 
Md. Naimuddin (ed.), XX/ DAE High Energy Physics Symposium, Springer 
Proceedings in Physics 203, https://doi.org/10.1007/978-3-3 19-7317 1-1_174 


730 N.R. Soni et al. 


Table 174.1 Masses of Z+(D* D* ) and Zi (B B*) molecular states (in MeV) with the variation 
in potential depth C (in MeV) 


O D* D* BB* 
Binding energy | Mass Binding energy | Mass 
0 3864.74 10598.9 
50 3864.61 10597.4 
100 12.07 3864.5 8.04 10596.4 
150 12.15 3864.42 8.72 10595.7 
PDG [5] 3883.9+4.5 10607.2+2.0 


Table 174.2 Decay widths of Zr and Zt molecular states (in MeV) 


Decay mode Decay width 

C=0 C=50 C=100 |C=50 Exp [6] [4] 
Ze — ws) +7} 11.7202 | 11.7553 | 11.7849 | 11.8064 | - 10.43-23.89 
Zz — (2s) + 7] 2.1166 2.1146 2.1127 2.1114 - 1.28-2.94 
Z, > YCUs)+7) 22.8443 | 22.9280 | 22.9998 | 23.0567 | 22.9+7.3 | 13.3-30.8 
Z, > YQs)+7 26.9257 | 26.9858 | 27.0443 | 27.0930 | 21.144.0 | 15.4-35.7 


We employ the method of Phenomenological Lagrangian mechanism developed 
by Y. Dong et al. [4] to compute hadronic decay widths. The corresponding two body 
decay widths for Ze and vA can be written as [4] 


2 2 
IZ W(ns)m 3/2 2 2 2 Myvans) 
7+ wonsyrt SN (Mz, Micnsy» Mz) (1+ = | (174.2) 
"On" 960 M3, eee 2M 
Gg; 
Pzs we SS N12 (MG,, Mo ogy) M2) (174.3) 


>Y(ns)r — 167M 
b 


where A(x, y, z) =x? + y? + 27 — 2xy — 2yz — 2zx is the Kallen function, g's are 
the coupling constant corresponds to the coupling between hadron to its constituent 
mesons. The computed decay widths are given in Table 174.2. 
Result and Conclusion 

The masses of Z* and Z;* considering them as molecular states of D+ D* and 
B B* respectively are found to be below the mass of their resonance. We have anal- 
ysed the nature of potential with the parameters such as diffuseness and depth of the 
potential. We have also computed the hadronic decay widths of these states in formal- 
ism of interaction Lagrangian mechanism and compare with the experiments. Our 
predictions of decay widths are in good agreement with the data from experiments. 
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Chapter 175 ®) 
Implications of Fermionic Dark Matter rie 
on Recent Neutrino Oscillation Data 


Shivaramakrishna Singirala 


175.1 Model Description and Neutrino Phenomenonology 


Models that can shed light on the origin of neutrino masses and the nature of dark mat- 
ter (DM) are captivating. Scotogenic model [1] is one such model with an additional 
scalar doublet 7 and three right-handed neutrinos N; (i = 1, 2,3). A Z2 symmetry 
forbids tree level neutrino mass. The Yukawa lagrangian is [2] 


= Ni Tepe ioe ae 
Ly = Ni@PrN; + (D,.n) (D'n) — a PRNj + hailan' PrNj + hic. 
(175.1) 
In this model, neutrinos get their mass at loop level given by 


sv" r;2 r;2 > 
L L 
(M,)ag = > hahg Aj, A; = 872M, ie i (1 + = 7) In i ) : 
(175.2) 
Here r; = ae mo . Various experiments confirmed that neutrinos oscil- 
late in flavor as they propagate. We consider a mixing matrix of tri-bimaximal (TBM) 


form with a perturbation to obtain non-zero value for 6)3 [3]. 


2 _ (mpr?2+my*) 
~ 2 


rat omy : cosp Oe ‘sing 

Uruns=| 3 2 ya |) US where US" = 0 1 0 ; 
aH = RB —e'Ssiny0 cosy 

(175.3) 


where @ ~ 35° and y = 12° [4]. Now, diagonalizing the mass matrix (175.2) gives 
the flavor structure written in terms of h,;(= h;), and the mass eigenstates as 
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Fig. 175.1 h, v/s r; region 
consistent with current 
bound on Qh? 


0.0 0.2 0.4 0.6 0.8 1.0 1.2 1.4 
hy 


hy hy hg Mm, = 1.55 (n+ Aj), 
hoi = | —0.68hy hz 3.56h3 |, mz = 3.04 (h3A)), (175.4) 
0.31 hy —h 4.55 h3 m3 = 34.44 (h3 A3). 


We have considered Nj, Nz are degenerate in mass. Now we constrain the parameter 
space h1.>3, 71,3, Mo With DM and lepton flavor violating (LFV) decays. 


175.2 Relic Abundance 


We compute relic abundance of fermionic DM JN to constrain h, andr; (Fig. 175.1). 
The effective annihilation cross-section including co-annihilation effects is defined 


2 
aS Ceft|Vrel] = Gere + Der Uz, Where deg and Dee are [5] 


2 
fig eT ee, 
16m mo2(r? + 1)? 
1 7? 


best = [ort + D(siht + s2h3) 


48m mo2(r2 + 1)4 
+ (1 = 3rf —r}\(si2 hth), 
where s; = 2.42, sy = 9.24 and sj. = 9.47. 


175.3 Lepton Flavour Violating Decays 


The evidence of neutrino oscillations and the violation of family lepton number could 
in principle allow flavor changing neutral current (FCNC) transitions in the charged 
lepton sector as well, such as €, > fgy and 4 > € alge g. The branching ratios are 
given as [5, 6] 
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Fig. 175.2. h3 v/s r3 
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Fig. 175.3 Br(j > ey) v/s 
Br(ps > eee) 


Br(u > eee) x 104 


Br(u > ey) x 107? 


3(41)? dem = 
Br(ly > £7) = Jaz Aol’Br (Ca, > €gVa7B) , 
F 
Br (lq > Lglgl3) — 3(4n)?02, gy 16 Ma 22 
= 2 |Ap| log 
Br (€q > £30) 8G7. 3 mg 3 


1 1 2. 
|Awol? + z1BP + (-24no4i + SAwoB* ~ ApB* + he.) . 


Here Gem, Gr denote fine structure and Fermi constants, dipole Ap, non-dipole Ay p 
and the box B contributions are given in [5]. 

ju —> ey channel gives a stringent constraint on 43, r3 parameter space (Fig. 175.2). 
Figure 175.3 shows the correlation plot between pp — ey and 4s — eee. 

To conclude, we have investigated the neutrino radiative mass matrix using a 
mixing matrix of TBM type with a perturbation matrix to invoke non-zero 613. We 
have shown the allowed region of parameters in the model consistent with neutrino 
oscillation data, relic abundance of fermionic DM and LFV decays. 
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Chapter 176 Mm) 
Study of D* Polarization to Discriminate | {v 
New Physics in B — D*rv 


Suman Kumbhakar, Ashutosh Kumar Alok, Dinesh Kumar 
and S. Uma Sankar 


176.1 Introduction 


In recent years the most striking anomaly is the deviation of 3.50 from the SM 
expectation of the ratio Rp» = '(B > D* rv)/T'(B > D* lv) (l=e, yw)[I, 2]. 
The four fermion interaction b + c7v, which induces the decays B > (D, D*) Tv, 
occurs at the tree level within the SM. To distinguish various NP operators which can 
explain the excess in Rp, we study various angular observables in B > D* rv. In 
this semileptonic decay the differential decay distribution can be written with respect 
to three angles - (a) 0p, the angle between B and D where the D meson comes from 
D* decay, (b) 0,, the angle between 7 and B and (c) ¢, the angle between D* decay 
plane and the plane defined by the lepton momenta [3]. In the present data which 
measured R p<, it is possible to measure @p but not 6, or @. We study the capability of 
SL (q) to discriminate between various NP solutions which account for Rp» excess. 
We find that this quantity provides good discrimination when the NP operators have 
scalar or tensor form. 
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176.2 Discrimination of New Physics Using D* Polarization 


The effective Hamiltonian for the quark level transition b + c Tv is given by 


AG 2 =| 


oa > (Ce O; + Cc. O; + Cc, 0;) , 


i 


Hep = ase) 
ff AG rVep A2 


Veb fos + 

(176.1) 
where the scale A is assumed to be 1 TeV. The Lorentz structures of the unprimed 
O; and primed 0, and on operators are given in [4]. The values of all operator 
coefficients which provide a good fit to the data are also given in [4]. The solutions 
with operators Os, are excluded because the predict the leptonic partial decay width 
of B, meson is larger than the measured total decay width. The solutions which obey 
this constraint have either tensor operators or O§ operators. 

The D* polarization fraction /; (q’) is defined to be 7 (q’) = A,/(A, + Ar), 
where the quantities A; and A, are defined in [3]. From this formula we compute 
f.(q’) and (f,(q7)) for the allowed NP couplings listed in [4] and display them in 
Fig. 176.1. We discuss the form of f;,(q7) for each plot: Only Cr present: Inspite of 
having a different Lorentz structure from SM, it is difficult to distinguish the small 
Cr (—0.07 + 0.02) case from SM prediction. But for the large C7 (0.52 + 0.02) case, 
(fi (q7)) is 0.14 as opposed to 0.46 for SM. Cy, and Cy, present: The solutions 
with large Cf, values have ( f1 (q7)) = 0.26 which again is significantly lower than 
the SM prediction. So the measurement of the average D* polarization, (f,(q7)), 
is capable of distinguishing three of the allowed twelve NP solutions. The Belle 
collaboration is in process of measuring ( f,(q7)). It is expected that the uncertainty 
in this measurement will be about +0.1. Hence the above three solutions to the Rp:« 
problem can be distinguished at 95% C.L. or better. 


Only Cr present Cs, and Cs," present 


Si 
—) 
wm 


3 4 5: 6 7 8 9 10 
q(GeV’) q¢(Gev’) 


Fig. 176.1 Plots of f7,(g2) as a function of the dilepton invariant mass q?. The blue curve represents 
the SM and the red and the black curves represent NP operators. The black and red bands in left panel 
are for f(g?) with NP couplings Cr = (0.52 + 0.02) and C7 = (—0.07 + 0.02), respectively. The 
right panel shows the plots of solutions with NP coefficients (C Ne gC s ) = (0.96, 2.41) (black band) 
and (—6.34, —2.39) (red band) 
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Chapter 177 @) 
Resonance Measurements in p—Pb si 


Collisions at ./snn = 5.02 TeV with 
ALICE 


Sarita Sahoo 


Resonance production data in pp and p—Pb collisions provides input for tuning QCD 
inspired event generators and serve as a baseline for results obtained in heavy- 
ion collisions. Resonances with lifetimes of a few fm/c may be sensitive to the 
hadronic phase produced either in elementary or in heavy-ion collisions. In addi- 
tion, multiplicity-differential measurements of resonance production in pp and p—Pb 
collisions contribute to the search for the onset of collective effects. 

The main components of the ALICE detector [1] used in the analyses described 
here are the Inner Tracking System (tracking and vertex finding), the Time Projection 
Chamber (tracking and particle identification), the Time-Of-Flight detector (particle 
identification) and the VZERO detector (event multiplicity and centrality classes 
definition). 

Figures 177.1 and 177.2 show yield ratios of resonances to long-lived particles. 
The ratio K*°/K shows that K*® (7 ~ 4.16 fm/c) [2] is significantly suppressed in 
central Pb—Pb collisions with respect to peripheral Pb—Pb and pp collisions. This 
behaviour is commonly attributed to the dominance of rescattering of its decay daugh- 
ters over regeneration processes in the hadronic phase. The ¢ (7 ~ 46.3 fm/c) [2], 
due to its longer lifetime, shows no such suppression. A similar suppression pattern 
for K*° is observed in p-Pb collisions though not significant within uncertainties. 
In p-Pb collisions the K*? and @ have higher (pr) values than the proton and A 
[4]. As in pp collisions, this violates the mass ordering, which is observed in central 
Pb-Pb collisions. The &*°/7 and =**/7 ratios show an increasing trend with mul- 
tiplicity which approaches values predicted by the Grand Canonical thermal model 
[5]. The amount of increase is the same as for the ground state baryons with the 
same valence quarks content, thus &*?/E~ and X**/A are flat versus multiplic- 
ity. The hyperon to pion ratio increases with multiplicity and strangeness content. 
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Fig. 177.1 Yield ratios of K*° and ¢ to K as a function of (dNen /dniav)!/ 3 at mid-rapidity in pp, 
p—Pb and Pb—Pb collisions (left panel) [4]. Yield ratios of &** to A as a function of (dNen/djiab) in 
pp collisions at ./s = 7 TeV and in p-Pb collisions at ./snn = 5.02 TeV, compared to lower energy 
data from RHIC (right panel) [3]. Different model predictions are shown as horizontal lines 
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Fig. 177.2 Yield ratios of & 3” over 5 (eft) and 7 (right) as a function of (dNcn/dmiab) in pp and 
p—Pb collisions. Different model predictions are shown as horizontal lines [3] 


The measured &**/A ratio is consistent (within systematic uncertainties) with the 
values predicted by PYTHIA8 [6] and thermal models. DPMJET [7] is found to 
underpredict the measured values for p—Pb. 
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Chapter 178 Mm) 
Large Extra Dimensions Search sree 
in the Photon + MET Final State in pp 
Collisions at ./s = 13 TeV at CMS in LHC 


Shamik Ghosh 


178.1 Introduction 


One of the proposed solutions to the hierarchy problem, is ADD extra dimensions 
which postulates that there exist n compactified extra dimensions, in which gravitons 
can propagate freely. In LHC they can be created in proton-proton collisions [1-4]. 


178.2 Event Selection 


The analyzed data sample corresponds to an integrated luminosity of 12.9fb~!. 
A single-photon trigger is used that requires at least one photon candidate with 
Pr > 165GeV.The photon candidate is identified by requiring H/E(Hadronic over 
Electromagnetic calorimeter energy deposit) to be below 0.1 to reject jets. Events 
require at least one Barrel photon (|7| <1.44) with pr > 175GeV and Missing 
E™ (MET) > 170GeV. Photon and MET must be separated by minimum 2rad in ¢. 

Events are rejected if the minimum opening angle between MET and up to four 
leading jets (minA¢ (pr miss,jet)) is less than 0.5. This requirement suppresses the 
background where jet energy mismeasurement gives rise to large MET. Event is 
rejected if it contains an electron or a muon with pr > 10GeV that is away from the 
photon by AR > 0.5. 
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178.3 Background Estimation 


Bulk of the background(~70%) comes from Z(— vyv)+y and W(— /v)+7 pro- 
cesses leading to large MET and 7 when neutrino escapes detection and lepton may 
be outside detector acceptance region or not identified. Electrons fake photons when 
the pixel seed is missing. Jets fake photons when a 7 decaying to two photons is 
misidentified as a single photon.Beam halo(when a muon travelling with the beam 
emits a photon due to bremsstrahlung) and ECAL spikes(anomalous ECAL signals) 
are also significant contributors. 


178.4 Results 


400 events are observed in data, which is in agreement with the total expected back- 
ground of 414.6 + 38 events. No excess with respect to the SM prediction is observed. 
Limits are set on the ADD extra dimension scenario (Fig. 178.1). 
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Fig. 178.1 Upper left table compares data and MC. Upper right figure shows number of events as 
a function of photon pT. Bottom table lists limits for ADD model [5] 


178 Large Extra Dimensions Search in the Photon + MET Final State ... 747 


References 


1. 


2: 
3. 


4. 


N. Arkani-Hamed, S. Dimopoulos, G. Dvali, The hierarchy problem and new dimensions at a 
millimeter. Phys. Lett. B 429, 263 (1998) 

CMS Collaboration, The CMS experiment at the CERN LHC. JINST 3, S08004 (2008) 

Gian F. Giudice, Riccardo Rattazzi, James D. Wells, Quantum gravity and extra dimensions at 
high-energy colliders. Nucl. Phys. B 544, 338 (1999) 

CMS Collaboration, Search for Dark Matter and Large Extra Dimensions in the gamma + MET 
final state in pp Collisions at sqrt(s) = 13 TeV, CMS Physics Analysis Summary CMS-PAS- 
EXO-16-014, CERN, 2016 

Search for dark matter and graviton produced in association with a photon in pp collisions at 
s/s = 13 TeV with an integrated luminosity of 12.9 fo~! . CMS-PAS-EXO-16-039 . The CMS 
Collaboration 


Chapter 179 ®) 
Effects of Z’ Mediated FCNC sie 
on B > Kt in the 331 Model 


Soram Robertson Singh and Barilang Mawlong 


179.1 Standard Model Calculation 


The effective Hamiltonian for the B > KI™I~ transition is given by [1], 


10 


Gr 
Heft = —4 waded 2 COW), (179.1) 


where q = s, C;(w) are the Wilson coefficients and O;(j{) are the local operators. 
The form of the differential decay width for B > KI*I- can be found in [2]. 


179.2 New Physics - 331 Model 


It is a model based on SU(3)c ® SU(3), ® U(1)x which breaks down into 
SU(3)c ® U(1)g in two steps. This symmetry breaking gives rise to a neutral Z’ 
boson and four other extra gauge bosons [3]. 

The contribution of Z’ to the b > sy transition affects only the coefficients 
Co and Cio. 


1 As Z! AE Z! 
L(Z)Ay (Z') 


+2 NP 
sin’ OwCy” = (179.2) 
g ‘ uM. a Vis Vib 
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— error (331 Model) 
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Fig. 179.1 Differential branching ratio 


b AMAR 


_ (179.3) 
Tee, Vis Vip 


sin? OwCiye = 


where gi y = 4% we A‘? (Z') and Fe (Z’') are the Z’ quark and lepton cou- 


plings, respectively. In this paper, we have shown results for model parameter values 
B = —1/V/3 and Mi, = 1 TeV only. The values of au (Z') at Mz = 3 TeV can 


be found in [3]. We have taken the same values of a (Z') at Mz = 1 TeV as 
there is negligible difference for the two cases [3]. 

Ag is parameterised as A" ) = —573e! 3 and constraints on (523, 623) are 
obtained by comparing AM, , ¢, and branching ratio of B, > pt ~ with their 
experimental observations taken from [4]. Two scenarios are obtained for (523, 623). 
Out of two, only one scenario gives favourable results. We have shown the results 
for the scenario (0.01, 5.3) only in this paper. 


Conclusion: From Fig. 179.1, itcan be seen that for 3 = —1/,/3, there is a reasonable 
enhancement of the differential branching ratio for B° > K°y* 7 in the 331 model. 
The enhancement of the differential branching ratio for Bt > K*p* po in the 331 
model is significant especially when it is compared with the LHCb data [5]. For the 
isospin asymmetry, there is negligible deviation of the 331 results from the SM one 
and the same are not shown here. 
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Chapter 180 M®) 
Measurement of Underground Cosmic cro 
Muons Charge Ratio at INO-ICAL 

Detector 


Jaydip Singh and Jyotsna Singh 


Introduction: The planned India-based Neutrino Observatory(INO) is a 52 ktons Iron 
CALorimeter(ICAL) detector [1] to be built at Theni district of Tamilnadu in South- 
ern India. Itis designed primarily to study the atmospheric neutrino flavor oscillations 
through interaction of atmospheric neutrinos in the detector and the main goal of the 
ICAL detector is to make precise measurement of neutrino oscillation parameters 
and determine the neutrino mass hierarchy. At a depth of 1.2 Km below the Earth’s 
surface, the INO-ICAL detector will be the biggest magnetized detector to measure 
cosmic ray muon flux with capability to distinguish j4+ from j- with large statistics. 
The average height of the peak around the tunnel region is 1587.32 m and the latitude 
and longitude at the cavern location are as follows: 


e Latitude: 77°15 0 E — 77°300'E 
e Longitude: 9°57 30 N — 10°0'0'N 


We add this geometry to the INO-ICAL code and estimated the threshold energy for 
muon to hit the detector, standard rock with density of 2.650 gm/cm; is used for rock 
composition in Geant4 code (Fig. 180.1). 


Charge Identification efficiency of the detector: Details of the detector simulation 
for low energy muon is discussed in the [1], in this work we have followed the same 
approach for detector simulation in the high energy region. In our analysis right plot 
of Fig. 180.2, charge identification efficiency decreases with increasing energy and 
falls down to 70% at 400GeV/c at the detector and the cutoff for surface muon to 
reach at the detector is around 1600GeV from the INO cavern peak (Fig. 180.3). 
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Fig. 180.2 The relative charge identification efficiency as a function of the input momentum for 
different cos@ values at low and high energy 


Charge Ratio: Cosmic muons were generated using Corsika package, all particles 
were generated at 2 km above the sea level and only muon flux is used for our analysis. 
Muon flux generated using Corsika will be used as an input for the INO-ICAL code 
to estimate the charge ratio. 
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Fig. 180.3. Muon charge 1.6 
ratio at INO-ICAL as a 
function of muon energy 
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Chapter 181 
Performance Study of Large Size RPC cree 
Detector for INO-ICAL Experiment 


Aman Phogat, Ankit Gaur, Ashok Kumar, Moh. Rafik and Md. Naimuddin 


181.1 Introduction 


The India-based Neutrino Observatory (INO) is a planned underground research 
laboratory at Theni in Southern India. The ICAL detector at INO will consist of 
three modules, each having the dimension’s of 16.2 mx 16 mx 14.5 m made out of 
total 150 layers of 5.6 cm Iron plates which are interleaved by glass resistive plate 
chambers as active detector elements. The detector is magnetized with a field of 
nearly 1.5 Tesla in order to identify the charge of the muons produced in the charged 
current interaction of neutrinos or anti-neutrinos with the target iron nuclei, which 
is important in order to study matter effects. 


181.2 Resistive Plate Chamber Detectors 


Resistive Plate Chambers (RPCs) [1-3] are charged particle gaseous detectors made 
of a pair of high resistivity electrodes such as glass or bakelite. We have fabricated 
1 mx 1 min size glass RPCs using 3 mm thick Saint Gobain glass. A uniform gas gap 
of 2 mm thickness is maintained between the pates using regularly spaced highly 
insulated polycarbonate spacers. In order to distribute the operating voltage, over 
the large detector area, a thin layer of semi-conductive graphite paint is coated on 
the outer surface of the glass. The passage of a charged particle will induce signals 
on the external copper pickup strips of 3 mm strip widths. The fabricated RPCs are 
tested for its efficiency and counting rate for three gas compositions. 


1. R134a (95.0%), Isobutane (5.0%) 
2. R134a (94.7%), Isobutane (5.0%), Sulfur Hexaflouride (0.3%) 


A. Phogat (BX) - A. Gaur - A. Kumar - Moh. Rafik - Md. Naimuddin 
Department of Physics and Astrophysics, University of Delhi, Delhi, India 
e-mail: amanphogat.phogat @ gmail.com 


© Springer International Publishing AG, part of Springer Nature 2018 195 
Md. Naimuddin (ed.), XX/ DAE High Energy Physics Symposium, Springer 
Proceedings in Physics 203, https://doi.org/10.1007/978-3-319-73171-1_181 


756 A. Phogat et al. 


3. R134a (94.5%), Isobutane (5.0%), Sulfur Hexaflouride (0.5%). 


181.3 Experimental Setup 


The experimental set-up consists of a cosmic ray hodoscope using prototype RPCs 
sandwiched between the three plastic scintillators as shown in Fig. 181.1. The pre- 
amplified analog output signal of RPCs and each scintillator are fed into a CAEN 
V814 discriminator for noise rejection and digital conversion. The logical ANDing 
of the triple coincidence of the scintillators pulses and scintillators plus RPC (4-fold) 
is done by CAEN V976 logic unit. The ratio of the counts of 4-fold to 3-fold gives 
RPC detection efficiency. 


Large Scintillator 


CAEN N810 


Discriminator 


[ Large Scintillator 


Fig. 181.1 Schematic diagram of the experimental setup used for the efficiency measurements 
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Fig. 181.2 Counting rate (left) and Efficiency (right) of the Saint Gobain RPC detector as a function 
of applied bias voltage, under different SF concentrations 
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181.4 Results 


The performance study of the fabricated RPC shows that the efficiency of the detector 
is above 95% under all the gas composition, but with the increasing concentration of 
S Fe shifts the beginning of the plateau towards the higher applied bias voltage. The 
count rate decreases with the addition of electronegative SF¢ gas (Fig. 181.2). 
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Chapter 182 ®) 
Cobimaximal Neutrino Mixing with A4 crest 
Symmetry 


M. Sruthilaya and R. Mohanta 


182.1 Introduction 


Neutrinos exist in three flavours v., v,, and v; and mix with each other as they 
propagate which is known as neutrino oscillation. Neutrino oscillation occurs since 
neutrinos are massive and the flavour eigenstates are mixture of mass eigenstates. 
The mixing is described by PMNS matrix [1], which can be parametrized in terms of 
three mixing angles (912, 03 and 623) and three phases (one Dirac phase dcp and two 
Majorana phases). Neutrino oscillation experiments explore mass-square differences 
(Am;, — m? _ m°), mixing angles (6;;) and Dirac phase (dcp). Results from various 
neutrino oscillation experiments show that cobimaximal mixing (43 4 0, 012 4 0, 
23 = [, 0cp = £5) is a good approximation to lepton mixing. Here we consider a 
model based on Ay symmetry which gives cobimaximal mixing in neutrino sector and 
Z2 X Zp invariant perturbation in charged lepton sector to accommodate the results 
from recent neutrino oscillation experiments. The details of model and perturbation 
is given in Sects. 182.2 and 182.3 respectively and we conclude our discussion in 
Sect. 182.4. 


182.2 The Model 


The particle content of the model includes, in addition to standard model fermions 
(i.e., the lepton doublets /;; and charged lepton singlets /; r), three right-handed neu- 
trinos (17 zr), four Higgs doublets (¢;, do) and three Higgs singlets (,;). They belong to 
four irreducible representations of A4 [2] as in [3]. Here Ay symmetry is accompanied 
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Fig. 182.1 Black and red doted lines represent best-fit values and 30 ranges of mixing angles taken 
from [6] 


by an additional U(1)x symmetry as in [4]. Thus, the Yukawa Lagrangian for the 
leptonic sector is given as [5], 


£=—{[di (fii) in] + [22 ino)” ae] + [As (hindi) be |} 182.1) 
- {ro{¢ iti) bo] + 5 [M (invia)] + [stia)a xi]} +0. 


The vacuum alignment (¢;) = v(1, 1, 1), (¢9) =u and (y;) = (w}, w2, —w2) will 
leads to cobimaximal mixing in leptonic sector and a correlation between 6) and 
1—3 sin? 013 


. . 2 a 
#13 given as sin* 0). = 30-sin?8,5) * 


182.3 Perturbation in Charged Lepton Sector 


To accommodate the possible deviation of 623 from 7 and the possibility of dcp to be 
anywhere between 0 to 27 as indicated by recent experimental results, we consider 
a perturbation in charged lepton sector which is invariant under the group Z2 x Zo. 
As discussed in [3], such perturbation can have the form 


AlicMi diliz + Artic M2Giloe + AslinM3Gilrr , (182.2) 
which modifies the charged lepton mass matrix hence the mixing angles also get 


modified. We obtain the correlation plots between the mixing angles and dcp as 
given in Fig. 182.1 to compare with the experimental results. 


182.4 Conclusions 


We consider a model based on A4 symmetry, which gives cobimaximal form for 
the leading order neutrino mixing matrix. We found that with a Z2 x Zz invariant 
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perturbation in charged lepton sector the mixing angles obtained are within the 3c 
ranges of their experimental values and dcp is around +5. 
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Chapter 183 ®) 
Optimisation and Characterisation pee 
of Glass RPC 


R. Kanishka, Vipin Bhatnagar and D. Indumathi 


183.1 Introduction 


India-based Neutrino Observatory (INO) [1], a proposed underground facility will 
look for atmospheric neutrinos. The magnetized Iron CALorimeter (ICAL) detector 
at INO with its charge identification capability will study the oscillation pattern of 
atmospheric neutrinos. It aims at precise measurement of oscillation parameters [1], 
probing neutrino mass hierarchy as well as new physics. In the next sections we 
describe Resistive Plate Chambers, methodology, results and conclusions. 


183.1.1 Resistive Plate Chambers 


The RPCs [2] are the parallel plate gas detectors made of electrodes of high bulk 
resistivity such as glass or bakelite. These RPCs are fabricated using standardized 
procedure and operated in Avalanche or Streamer Mode. 

The quality of glass plays a crucial role in long-term stability of Resistive Plate 
Chambers. Factors like aging can deteriorate the glass quality and hence the perfor- 
mance of the RPCs. Aging can be due to the possible contamination of the detector 
gas with impurities and moisture causing damage to the electrodes due to forma- 
tion of Hydrogen Fluoride (HF) inside the gas gap. So, its necessary to study the 
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different properties of glasses; for this we characterised various glass electrodes of 
Saint Gobain, Asahi, Modi procured from local market. Based on the different test 
of glass samples we measured efficiency of all the fabricated RPCs. We describe 
methodology and results in next section. 


183.2 Methodology and Results 


We have done detailed characterisation studies based on various techniques, for Saint 
Gobain, Asahi and Modi glass samples procured from different manufacturers from 
the local market. To determine the surface properties, AFM of all the glass samples 
were done. Asahi and Saint Gobain were better than Modi glass sample as shown in 
Fig. 183.1. We investigated it further by fabrication and characterisation of RPCs of 
the same samples. 

We fabricated 30cm x 30cm RPCs of Asahi, Saint Gobain and Modi glass using 
standardized procedure. We tested the RPCs in avalanche (Freon(R134a): Isobutane: 
SF6 :: 95.15 : 4.51 : 0.34) and streamer mode (Freon(R134a): Isobutane: Argon :: 
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Fig. 183.1 AFM scans of Asahi (UL), Saint Gobain (UR) and Modi (BL) glass samples respectively. 
Cross-talk and efficiency of Asahi glass RPC with the strip width size = 2.8 cm in avalanche mode 
(three gases) (BR) 
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62 : 8 : 30). For efficiency, scintillator paddles were ANDed P).P2.P3.P4 to give a 
4-fold signal, that acted as the trigger pulse. The trigger signal and main strip signal 
from the RPC was then ANDed together to form the signal. An improper alignment 
of the RPC was considered as cross-talk and was measured from left and right strips 
of RPC. The efficiency and cross-talk of Asahi glass RPC for strip width = 2.8cm 
in avalanche mode are shown in Fig. 183.1. We conclude by saying that on the basis 
of their surface properties, efficiency and cross-talk Asahi glass gave better results 
than others. 
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Chapter 184 M®) 
Calculating Neutral Current Events sheet 
at the Proposed ICAL Detector in INO 


R. Thiru Senthil and D. Indumathi 


184.1 Introduction 


One of the primary goals of the magnetized Iron Calorimeter (ICAL) detector which 
will be located at the India-based Neutrino Observatory (INO) [1] is precise deter- 
mination of neutrino oscillation parameters. In the absence of oscillations, the atmo- 
spheric neutrino fluxes are in the ratio v,, : Ye as 2: 1. Due to large 623 which drives 
Vv, <> V; oscillations, the up-going flux ratio is vy, : vy. : v; = 1:1: 1; hence there 
are large number of v, in the (up-going) atmospheric neutrino flux. They will pro- 
duce 7 leptons as a result of charged-current (CC) interactions of v, with the iron in 
ICAL detector [2], 

vy,-No>T xX, (184.1) 


where X are hadrons. Although these events are kinematically suppressed due to the 
large mass of the 7, they are significant [3] due to the large fluxes. 
The produced 7 leptons will predominantly decay into hadrons (~ 67% of the 
time): 
T > v,dih; , (184.2) 


where h; are hadrons. The semi-leptonic decay into js and e are comparatively smaller, 
with a branching fraction of about 17% each: 


T >vykuy, (184.3) 
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where £ = e, yu. Hence there will be huge hadron energy (X + 2h;),in CC rT interac- 
tions. These events will therefore imitate neutral current (NC) events with no charged 
leptons in the final state. Hence to precisely determine the number of tau events, the 
NC background must be calculated precisely. 

Due to the large mass of the 7, the threshold for the CC interaction is E,, > 3.5 
GeV, i.e., predominantly via deep inelastic scattering (DIS). 


184.2 Methodology and Results 


We have used a C-based program to calculate the deep inelastic cross section and 
generate NC events using Honda atmospheric neutrino fluxes at ICAL. The program 
generates Monte Carlo type events by using a random number generator weighted 
by the fluxes and cross sections. At low energy (E < 3 GeV), there are additional 
contributions from quasi-elastic and resonance NC cross-sections which we have 
ignored; hence we only consider the region where the neutrino energy, E,, > 3 GeV. 

The generator has been validated against the NUANCE neutrino generator [4]. 
There is reasonable agreement between the two generators as can be seen from 
Fig. 184.1. Hence, this generator can be used to study t CC events over the NC 
background. 
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Fig. 184.1 Electron (L) and Muon (R) neutral current event rates in ICAL using NUANCE and 
neutrino event generator from present work 
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Chapter 185 ®) 
Statistical Hadronisation in High Energy — sav 
Particle Collisions 


S. Sharma, S. Thakur and M. Kaur 


185.1 Introduction 


Collisions at relativistic high energies result in producing multitude of new particles 
whose number can be predicted from the simple rules of statistical mechanics. Sev- 
eral models have been proposed which combine the statistics with thermodynamics 
to describe the production of particles in a systematic way. Extensive (standard) 
statistical approaches were used in nearly all the previous models to describe the 
particle multiplicity. In the present work, Tsallis [1] model (non extensive approach) 
and Gamma distribution [2] are used to study the charged particle multiplicity on 
the proton-Emulsion data as well as on p Au and p W data at P),, from 27 GeV to 
800 GeV. The dependence of entropic index parameter q, of Tsallis statistics on the 
energy, Pigp, is also calculated. 


185.2 Distributions for Charged Multiplicity 


185.2.1  Tsallis Distribution 


Tsallis q statistics provides the distribution in which entropy is non extensive in 
nature i.e. 
Si(A, B) = Sa + Sg + (1 — 4)S4Sp (185.1) 
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Fig. 185.1 a Fitting of Tsallis and Gamma distribution at various energy for proton-Emulsion. 
Each curve in both the figures is multiplied by the factor of 10. b Dependence of entropic index, q 
on the energy, Pia» for the proton-Emulsion data 


where q is entropic index with value, q >1 and factor (1-q) gives the departure of 
entropy from its additive behaviour. In Tsallis q statistics probability is calculated 
using the partition function Z [3]. 
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N 
_ fa 
ye 
where Z represents the total partition function at particular charged multiplicity. For 
N particles, partition function can be written as 


Pog (185.2) 


1 


wpa —nuoN)% (185.3) 


Z(8, pu, V) = YC 


n is gas density, V and vO are the volume and excluded volume of the system, 
with N average number of particles 


N = Vn[{l + (¢ — 1)X\(Vnd — 1) — 2vpn], (185.4) 


185.2.2. Gamma Distribution 


Probability [2] in this case is P, = Ax°—e—°*, with a, 3 as its parameters. 


185.3 Results and Discussion 


Figure 185.1a clearly indicates both the distributions describe the experimental data 
very elegantly. Entropic index q in every case comes out to be greater than 1, 
exemplify the non extensive nature of the entropy and increases with increase 
in Pigp exhibiting power law relation g = a(Prap)’,with a=0.635 + 0.007 and 
b=0.138+0.003 as depicted in Fig. 185. 1b. 
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Chapter 186 ®) 
A Novel Assembly Procedure of GE1/1 crest 
Detectors for CMS High Luminosity 

Phase of the LHC 


Aashagq Shah, Ashok Kumar, Md. Naimuddin, Mohit Gola 
and Shivali Malhotra 


186.1 Introduction 


The CMS Collaboration has proposed several muon system upgrades during the 
future High Luminosity phase of the LHC in order to maintain its high level of 
performance. The CMS muon system [1] is designed to provide robust, redundant 
and fast identification of the muons traversing the system, in addition to trigger 
capabilities and momentum measurement. CMS-Muon Collaboration has therefore 
proposed to install two layers of triple-GEM [2] chambers known as GE1/1 and GE2/1 
in the endcap regions 1.6<|n|<2.18 and 1.55<|n|<2.45 respectively. Integration of 
these new detectors with existing muon system can highly improve the muon trigger, 
momentum resolution. 


186.2 The Full Size Prototype Construction 


The GE1/1 prototype has a trapezoidal shape with active area of approximately 
~220mm and ~456 mm on narrower and wider side and length of about ~990 mm. 
Pre-assembly of such detectors involves optical and electrical tests to determine 
geometrical defects and leakage current measurements. The variation in the leakage 
current should not exceed 30 nA and 50 nA corresponding to the humidity values 
of 30% and 45% respectivelly when a potential of 550 V is applied across it using 
an insulation testing Megger. This test can lead the observation of initial discharges 
which can be heard or seen at the beginning but eventually should disappear. The 
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detector is then built by piling up various components as shown in the Fig. 186.1la 
over a precision machined reference table called as assembly table. To assemble 
a single GE1/1 detector with gap configuration of 3/1/2/1, firstly a GEM stack is 
formed by putting alignment pins positioned on the Plexiglass board with 3 mm side 
spacers inserted over these guidening pins which are lying on the top of the Plexiglass 
board before putting the first GEM foil. Similarly a stack of three foils is formed with 
3/1/2/1 respective spacing spacing. The Stack is then removed and placed over the 
drift board and is stretched using the mechanism as shown in Fig. 186.1b and on the 
other side is closed using a readout board. The whole mechanism involved is shown 
in Fig. 186.2. 


Brass PANASONIC 
Pull-out Polyurethane ff Connector 
layer 


HV contact pin 
Design of GE1/1 Prototype internal frame 


Fig. 186.1 a Basic sketch of GEM assembly and its components b Foil stretching mechanism [3] 


Fig. 186.2 a Placement of side spacers over the guidening pins to form the fine trapezium b 
Cleaning of the GEM foil using adhesive roller ec Leakage current check using insulation megger d 
Placement of the GEM foils on assembly table e Placement of stretching nuts for foil stretching f 
Removing the dead area from the GEM stack g Placement of triple-GEM stack over the drift board 
and h Final GE1/1 detector 
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186.3 Conclusion 


The GEM GE1/1 assembly for the CMS has been described and such detector’s 
would be installed in the CMS during the phase IT (LS2) upgrade scheduled to be in 
2019. The detectors will provide fast triggering, precise tracking, will improve overall 
muon trigger and also can sustain the high radiation environment for long-term. 
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Chapter 187 ®) 
Charged Particle Multiplicity and a 
Transverse Energy Distribution Using 
Weibull—Glauber Approach in Heavy-Ion 
Collisions 


Bharati Naik, Nirbhay K. Behera, Sadhana Dash, Basanta K. Nandi 
and Tanmay Pani 


187.1 Introduction 


The charged particle multiplicity distribution and the transverse energy distribu- 
tion of the produced particles are regarded as the basic global observables in the 
ultra-relativistic nucleus-nucleus collision [1]. In this we have used the two com- 
ponent approach based on Glauber model, combined with the Weibull model of 
multi-particle production in the hadronic interaction to simulate the multiplicity dis- 
tribution in heavy-ion collisions [2, 3]. To determine the particle multiplicity for a 
single event, one defines the number of independent sources emitting particles known 
as ‘ancestors’ [4]. The number of ancestors have been parametrized in terms of both 
Noart and Neo as 


Nancestors = XN part a a — X)Neoll (187.1) 


where, Npar; - number of participant, N,,.1; - number of binary collisions, x is the 
relative contribution of both hard and soft process in the final multiplicity. The 
probability of producing n particles per ancestor is given by the two parameter 
Weibull distribution 


k ¢n\k-1 nyk 
. Fw es, -—(G) 
P(n; A,k) = X (5) e (187.2) 


where X is related to the mean multiplicity per ancestor and k is related to the 
production dynamics. 
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Fig. 187.1. Upper: (Left) The charged particle multiplicity distribution measured by the STAR 
TPC detector for Au—Au collisions at ./syv = 200 GeV, (Right) VZERO scintillators amplitude 
distribution in Pb—Pb collisions at ./syy = 2.76 TeV in ALICE [4] Lower: (Left) Transverse 
energy recorded by PHENIX lead-scintillator detector in Au—Au collision at ./syn = 200 GeV 
(Right)transverse energy distribution in Pb—Pb collisions at ./syy = 2.76 TeV in ALICE [5] 


187.2 Results and Summary 


The model is successfully fit to the charged particle multiplicity distribution and 
transverse energy distribution in different system and different energies which is 
shown in Fig. 187.1. 

The charged particle multiplicity and transverse energy distributions in heavy 
ion collisions at RHIC and LHC energies are well described by the two component 
Glauber—Weibull model. Weibull—Glauber approach can be used to determine the 
centrality classes of heavy-ion collision at a given energy. 
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Chapter 188 M®) 
Transverse Momentum Distributions ectics 


in Spin-1 Diquark Model 


Navdeep Kaur, Narinder Kumar and Harleen Dahiya 


188.1 Introduction 


The electron is a structureless object. But an electron can fluctuate into a vir- 
tual electron-photon pair, carrying the same quantum number as an electron, i.e. 
e — ey — e because of the Heisenberg uncertainty principle. Further, these virtual 
photons can themselves break up into pairs of virtual electrons and positrons and, 
as a result, an isolated electron is treated as a composite system of virtual photons, 
electrons and positrons. Therefore, the bare electron effectively becomes a dressed 
electron. Photons, electrons, and positrons can be interpreted in this case as partons 
contained in the original electron [1]. 


188.2 Methodology 


We calculate the TMDs using the LFWFs given in [2]. We have used the generalized 
form of QED by assigning a mass M to the external electrons and a different mass 
m to the internal electron and a mass X to the internal photon. To improve the 
convergence of the wave functions at the end points of x as well as the ki behaviour, 
we differentiate v(x, k,) with respect to M? and have 


e 1 
= (w _ Rtn EEE) 


g(x, ki) = 


x 1—x 
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The following definition of electron TMDs in terms of LFWFs are used to calculate 
the analytic results for TMDs [1]: 


e t 2 t 2 t 2: 
Si, kL) = Ons! We iki) + 1% 1, Ki) — | YG, kL) 11, 
M 
e = y tx 1 
Bir Ki) = A(2m)3k4, y [Cen + thy) Wy yr, KW, KL) 


+ (ky = ky) WY x, KW! x, kL), 


M 
a k_) = 2(2nk2 SIG + tky)W"* (x, k, wh, k, ) 
+ 4 


+ (ky = oky WP x, KL)" (x, kD]. 


The analytic results, found by inserting the explicit expressions of the LFWFs, are 


See x1 — x) +x)? — (1 — x)?(Mx — m)?) 

SizX, Kt (Qn)3 (M2x(1 — x) — (k{)(Ll— x) — (ki +m?) — (K+ dx)? 
# x3(1 — x)?M(Mx — m) 

e Jky)= , 

fir@ KU = ons fre —x)- (0-2) - i +m)- + aay 
—I¢2 x?(1— x)?M(Mx — m) 

nte ik = . 

iL (x, k1) (27)3 fran =x) (ki) —x)- (ki +m?) — (ky + Dy 


188.3 Results 


In Fig. 188.1, we plotted the result of T-even TMDs in transverse momentum plane 
at fixed value of x = 0.3. 
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Fig. 188.1 Density plots in transverse momentum plane ky — ky at fixed value of x = 0.3 
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Chapter 189 M®) 
Event-by-Event Charge Separation cro 
in Pb-Pb Collisions at ./snn = 2.76 TeV 

with ALICE at the LHC 


Sonia Parmar 


189.1 Introduction 


ALICE, A Large Ion Collider Experiment, is specially optimized to study the prop- 
erties of the deconfined state of quarks and gluons known as the “Quark Gluon 
Plasma (QGP)”. In non-central heavy-ion collisions, strong parity violation cou- 
pled with a strong magnetic field leads to a charge separation along the system’s 
angular momentum direction resulting in the “Chiral Magnetic Effect (CME)” 
[1]. This effect has been studied by the STAR experiment at RHIC for different 
beam energies ./syn = 7.7 — 200GeV [2] and by the ALICE at LHC at \/syn = 
2.76TeV [3]. In view of this, Voloshin [4] proposed a multi-particle correlator 
(cos(¢q + 3 — 2Vrp)) to observe CME, where ¢,, dg are the azimuthal angles 
of the particles a, 3, respectively and ~p is the reaction plane angle. The ALICE 
collaboration investigated the charge separation effect by studying the centrality 
dependence of this multi-particle correlator for the different charge combinations 
such as opposite sign charge pairs (+—) and same sign charge pairs (++, ——), as 
shown in Fig. 189.1 [3]. This indicates that the correlation for same sign charge pairs 
increases as one moves from the central to peripheral collisions. Figure 189.1 [3] also 
displays the STAR data points, which exhibits the similar trend. 

For this analysis, the ALICE time projection chamber (TPC) covering the pseu- 
dorapidity region, 7 < |0.9| is used to reconstruct the charged particle tracks and 
the VZERO detector is used to measure the collision centrality. The accepted events 
are divided into various centrality classes from 20-30% to 60-70%. The analysis is 
performed in pseudorapidity coverage 7 < |0.8| and 0.2 < pr < 5 GeV/c. 
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189.2 Sliding Dumbbell Method 


To investigate the localized charge separation on event-by-event basis, the SDM is 
used, which is similar to the Sliding Window Method [5] used for charged-neutral 
fluctuations in Pb-Pb collisions at 158 A GeV at SPS [6]. In this method, the observ- 
able Db,_ is measured and defined as: 


Nf NB 

Db,_ = + = ; 189.1 

(NEL NE) © (NR +N) eet) 

where, N : and NE are the numbers of positively and negatively charged particles 
on the left side of the dumbbell respectively, whereas N . and NP are the numbers 
of positively and negatively charged particles on the right side of the dumbbell 
respectively. The whole azimuthal plane is scanned by sliding the dumbbell of A@ 
=90° in steps of 6¢ =1° and calculating the fraction Db,_ in each event to extract the 
maximum value of Db;_. The Db,_ can also be calculated for different centrality 
intervals ranging from 20-30% to 60-70%. 


189.3 Results and Discussion 


A sample of about 1 million minimum bias events of Pb-Pb collision data at ./snn = 
2.76 TeV were analysed. The Db distributions are obtained for different centrali- 
ties using the SDM and also obtained by placing the dumbbell at randomly chosen 
azimuth in each event for the similar centrality intervals. Db,_ distribution obtained 
from randomly placed dumbbells shows a gaussian distribution, which peaks ~1 
but the one obtained using SDM shifts towards higher Db;_ values and this shift 
is more for semi-central events as compared to those for central events. Some of 
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the semi-central events have been observed with much larger Db,_— values, which 
indicates that the positive charged particles are on one side of the dumbbell and the 
negative charged particles are on the other side of the dumbbell. The percentage of 
such events increases with decreasing collision centrality. Further studies on Monte 
Carlo Generators without the CME (e.g. HIJING) are needed to investigate any biases 
of this method. 
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Chapter 190 M®) 
Rotating Boson Star Under Weak creek 
Gravity Potential 


Bharti Jarwal and S. Somorendro Singh 


190.1 Introduction 


Boson stars are hypothetical and astronomical objects formed of self gravitating field 
of bosonic particles. These particles may be detected by the gravitational radiation 
emitted by a pair of co-orbiting boson stars. Boson stars may have been formed 
through gravitational collapse during the primordial stages of the big bang process. 
According to the earliest theory, a super massive boson star could exist at the core 
of a galaxy, which might explain many of the observed properties of active galactic 
cores. Bosonic objects were first studied by considering second quantized scalar 
field satisfying Klein-Gordon equation [1, 2] in non interacting systems. In this 
equation the semi-classical Einstein equation had been solved and gravitationally 
bound state of field was obtained. The maximum mass for boson stars was found 
to be of the same order as that of neutron star given by Ming, © 0.633M ae m, 
where Mp = 1.2 x 10!°GeV is the Planck mass and m is the mass of the individual 
bosons. Phenomenological changes in these system were investigated by [3] while 
study under weak gravity limit [4]. 

In this work weak potential is added as perturbation [5] and oscillation of BS is 
studied under this correction. 
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Fig. 190.1 a Radial wave function of ground state (1 = 0). b Radial wave function of first excited 
state (I = 1) 


190.1.1 BS Under Weak Potential 


The potential is chosen in such a way that it exists due to the interaction of quark, 
anti quark, gluon etc. The weak gravity potential used as perturbation is defined as 


Vperturb(") = orp(1 — e!/") — (ase!? /r) (190.1) 


where a, o and rp are constant having values 0.471, 0.192 GeV? and 2.13GeV~! 
respectively. 


190.1.2. Result and Discussion 


The radial wave function for ground and excited states are obtained for different 
values of energy. It’s results are shown in figures given below. The energy of the 
ground state and first excited state are obtained as 6.4GeV and 1.38 GeV while mass 
of the BS used is around 30GeV. It is clear from the graph that wave function for 
ground state attain maximum value around 0.012 fm. In the case of first excited state 
it is reached around the peak value of 0.28 fm. The amplitude of ground state wave 
function is higher than that of first excited state. This shifting of the peaks shows 
the rotating behavior of the BS under the correction of this weak gravity potential 
(Fig. 190.1). 
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Chapter 191 ®) 
A Model Study of D-h Azimuthal cro 
Correlation at LHC Energies 


S. K. Tripathy, M. Younus, Z. Naik and P. K. Sahu 


Introduction 


Charm-hadron azimuthal correlation is able to infer properties like charm production 
and fragmentation process while that of charm-anti-charm can discern the contribu- 
tion of NLO-pQCD and LO-pQCD into two particle correlation spectra. p + p being 
the baseline, correlation study in p + Pb will clearly indicate the effect due to initial 
cold nuclear matter effect, while p + Pb study of D-h and D-D correlation will show 
the early effect due to quark gluon plasma. 


Analysis Method 


Charm cross-section in HIJING [1] is given by the following equation: 


a KY © xifaltr, Pp) x2f (2, Pr) on (191.1) 
ae = Xi fa(X1, Pp) X2fh (x2, Pp) X ——, : 
dp?.dy, dy 7 ue dt 


a,b 


here a, b are the parton species, y;, y2 are the rapidities of the scattered partons, and 
X1, X2 are the fraction of momentum carried by the initial partons. Value of K = 2.0 
has been used to account for the higher order corrections. AMPT [2] also uses leading 
order two body partonic interaction as in HIJING, followed by secondary interaction 
of partons after hadronisation. In NLO [3], pr differential spectrum of heavy quarks 
produced in p + p collisions is defined in general as: 
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Fig. 191.1 Azimuthal 1.4 
correlation of D-mesons in 
p+ Pb collisions at 

J/SNN = 5.02 TeV after 
baseline subtraction. 
Uncertainties in ALICE data 
[4] are putted by hand to be 
10% 


Average D°,D*, D* 
5< pr <8 (GeV/c), pP**" > 1GeVic 
-0.96 < y < 0.04 
\ [dnl <1 e ALICE p+Pb 5.02TeV 


ey 
iN) 
TTT TTY] 


S 
co 
| 
(o) 


t a - baseline(rad”) 
: o 
oS 


| 
©. 
vv 


1.5 2 2.5 3 
Ao(rad) 


o 
of 
a 
= 


do 


G;(5, t, it) 
E,——— arin 
d°p\d°pr 


E =a >, ie (a, Of,” x», O) 
ij 


eg OE Gi 2) 


CuO +6), (191.2) 


where x, and x, are the fractions of the momenta carried by the partons from their 
interacting parent hadrons. 


Results and Conclusion 


In Fig. 191.1 we have presented azimuthal correlation of D°, D+ and D*+ mesons 
in p + Pb data at ./syyw = 5.02 TeV. Here pr of D-mesons taken from 5 < pr < 
8 GeV/c and that of charged particles taken to be pr > 1 GeV/c, both particles 
falling under pseudo-rapidity window |7| < 1. 

AMPT results give a better correlation pattern comparable to data while NLO 
is almost flat for A@ > 7/2, showing near-side correlation is more prominent than 
away side pattern. In future, we will study the parametric dependence of differences 
between these two models. 
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Chapter 192 ®) 
Impact of New Physics on cro 
CP-Asymmetries at Long Baselines 


Jogesh Rout, Mehedi Masud and Poonam Mehta 


CP-Asymmetries in the Appearance Channels 


The CP-asymmetry is given by APS} = Pag — Pag, where a, 3 = e, p, 7. In vac- 
uum, it is given by 


AL AL 
APC? = 8 sins) sin? = — sin(XL) sin? 3 


= 4 sind,3 J, [sin\L/2sinry\L/2sin(1 —r,)AL/2] (192.1) 


where J = 512€12823€23813C73 sin 613 is the Jarlskog invariant, J, = J/sind,3, \= 


or —_ In matter, APC gets modified due to the fact that matter is 
2 

CP-asymmetric. Matter induced CP-effect is referred to as extrinsic in order to distin- 

guish it from vacuum induced effect (intrinsic). The two contributions (intrinsic and 


extrinsic) to the CP-violation signal can be separated using the following observable 


and r), = 


SLA PSP] = [Pas — Pag] (613 = 1/2) — [Pag — Posl(613 = 0) . (192.2) 
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Fig. 192.1 Oscillogram of absolute relative CP asymmetry for the appearance channels. The loca- 
tion of first oscillation maximum (for P,,¢) is depicted by dashed grey curve. Darker regions imply 
larger amount absolute relative CP asymmetry for those values of E and L 


which is difference between the CP asymmetries computed at two different values of 
613. For a discussion on the usefulness and limitation of using this observable, see [1]. 


Results and Discussion 


In Fig. 192.1, we show the oscillograms of 6[A Pe ] in the plane of E and L for the 
appearance channels for the standard interaction(SI) and two new physics scenar- 
ios. The large asymmetry regions are found at relatively lower values of energies 
(< 2GeV). We take two new physics scenarios - non-standard interactions (NSD 
and sterile neutrinos which represent good examples of going beyond the standard 
framework [1]. In case of NSI, the three flavour unitarity is preserved while in the 
sterile case, it is destroyed. 


Conclusion 


By means of oscillogram plots, we show which regions will be well-suited in order 
to extract the intrinsic CP-violating contribution. In the case of SI, the dark region 
implies better distinguishability. However, in presence of new physics, one can get 
darker patches at some values but that basically implies that new physics obstructs 
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the clean determination of Dirac delta CP-phase 6,3. The wiggles in the plots arise 
due to the fast oscillations induced by the larger mass-squared difference, 6m}. For 


a detailed study, see [1]. 
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Chapter 193 ®) 
Multiplicity Distributions in Hadronic creek 
and Leptonic Collisions Using Weibull 

Model 


Priyanka Sett, Sadhana Dash and Basanta Kumar Nandi 


193.1 Introduction 


The charged hadron multiplicity distributions are one of the most important observ- 
ables in high energy collisions, especially as they provide an insight on particle 
production. The hard processes are nicely explained by pQCD and the soft processes 
are described by incorporating the fragmentation and cascade processes. The sys- 
tems which have fractal nature or systems evolving with fragmentation or sequential 
branching are nicely described by Weibull distribution [1]. The functional form of 
Weibull distribution for any random variable n is given by, 


k pn\iel : 
P(n, A.k) = 5 (=) eM), (ny = T+ 1/2) 


where, & is known as the shape parameter and \ is known as scale parameter. In this 
work the p + p (pp) and e*e~ data are described by the Weibull distribution and the 
parameters are physically interpreted. 


193.2 Results 


For this study the p + p (pp) data are taken from UAS, ISR, CMS and LHCb col- 
laborations for various available center of mass energies and pseudo-rapidity (7) 
ranges. The ete” data are used from ALEPH and TASSO collaborations for differ- 
ent collision energies and different rapidity (y) ranges. The details can be found in 
[2, 3]. Figure 193.1 shows the plots for both p + p (pp) (left) and e* e~ (right) data. 
The solid lines are the Weibull fit and describes the data very nicely. The Weibull 
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Fig. 193.1 Left Plot: The multiplicity distributions in p+p collisions at 7TeV described by both 
the Weibull (solid lines) and NBD distributions (dashed lines) for different 7 ranges. Right Plot: 
The multiplicity distributions in e*e~ collisions for different ./s fitted with Weibull distribution 


parameters \ and k has been studied as a function of both collision energies and 77 (y 
in case of et e~ collisions) intervals. It is observed that values of \ increases both the 
cases and hence it is associated with the mean multiplicity. The parameter k increases 
with increasing 7 and y intervals but does not show any significant collision energy 
dependence. The parameter k is associated with soft processes. 


193.3. Summary 


The Weibull distribution describes the multiplicity distribution for leptonic and 
hadronic collisions very nicely. The parameter \ can be associated with mean mul- 
tiplicity (n) and the parameter k can be associated to the mechanisms involved with 
soft processes. 
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Chapter 194 ®) 
K? Production at the Main Injector ee 
Particle Production Experiment 

at Fermilab 


Amandeep Singh, Ashok Kumar and Lalit Saini 


194.1 Introduction 


The Main Injector Particle Production (MIPP) experiment [1] is a large acceptance 
spectrometer to measure the particle production on variety of targets using protons 
beams with momentum ranging from 5—120 GeV/c. The MIPP spectrometer has been 
used to study the K? particles production in the interactions of 120GeV/c protons 
beam with Beryllium, Carbon and Bismuth targets. 


194.2 MIPP Spectrometer 


The MIPP spectrometer consists of “Jolly Green Giant” and “Rossie” magnets. The 
magnetic fields were set so that the kick angles are about equal and opposite. The 
track reconstruction of the incoming beam particles were done using three Beam 
Chambers (BC). The trajectories of the secondary charged particles were done using 
the hits from four Drift Chambers (DC) and two Multi-wire Proportional Chambers 
(PWC). The scintillator counter (SCINT) was placed immediately after the targets. 
The physical properties of the targets are mentioned in [2]. 
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194.3 Analysis Technique 


Event selection cuts were applied to reject events in which beam particles interacted 
with detector material instead of target and, to determine the incident beam flux. We 
have applied conditions in analysis that events with properly reconstructed single 
beam track where retained so that initial state was defined and The reconstructed 
beam track positions on upstream face of the target had to be consistent to the target s 
dimension. 

In K? hypothesis, the positive (negative) charged particle assumed to be 1+ 77 
meson. Any pair of tracks, with opposite charge and distance of closest approach 
between them smaller than 1 cm, was taken as a possible V°s candidate. To select 
the candidates which correspond to K? with high probability additional cuts were 
applied in which the longitudinal distance along the beam direction between primary 
vertex and V° decay vertex had to be greater than 2cm. The impact parameter of the 
track on the primary vertex had to be greater than 0.2cm. 

The hypothetical 7+” invariant mass distributions were plotted in different mo- 
mentum bins covering the range from 0.4 to 30GeV/c. The raw number of K° in 
each momentum bin was estimated using the fit [3] for the signal and background. 
The corrections were applied to the raw number of K? to obtain the kK? yield in 
the primary p-A interactions. These corrections were obtained from FLUKA hadron 
production model. 


194.4 K° Cross-Section Measurements 


The K° inclusive differential cross-sections in bins of momentum is calculated as 


follow 
dao Nxo 1 1 4 
= x x x 10°, [mb/GeV/c] (194.1) 
dp Noeam Nt Ap 


Here N Ke is the corrected number of Ke Noeam 18 the incident beam flux; n, is the 
number of nuclei per cm? in the target; A p is the width of the momentum bin and 
factor 10* to bring the results to mb. The overall systematic uncertainties arising from 
different sources were found 15—17% depending upon target. Table 194.1 presents the 
K? production cross-sections from targets in 120 GeV/c protons beam interactions. 


Table 194.1 K° production cross-sections using 120 GeV/c protons beam interactions 


Interaction o (mb) FLUKA o (mb) data + stat + syst 
p + Be/120 GeV/c 44.35 39.54+1.46+6.97 

p + C/120GeV/c 66.34 57.49+2.69+9.54 

p + Bi/120GeV/c 664.40 520.33416.87+80.77 
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Chapter 195 ®) 
Front-End Readout for INO-ICAL ectias 
GRPC 


Moh. Rafik, Aman Phogat, Ankit Gaur, Ashok Kumar 
and Md. Naimuddin 


195.1 Introduction 


The Indian Based Neutrino Observatory will going to use about the 28000 RPCs for 
the operation of the ICAL detector [1-3]. The complete opeartion requires commis- 
sioning of huge channels. For this purpose, we are proposing very compact front-end 
ASIC HARDROC, which can read 64 channels simultaneously. It consists of fast 
low impedance preamplifier with 8 bits variable gain per channel, one slow shaper 
(50-150 ns), 3 variable CRRC fast shapers followed by 3 discriminators with a range 
of 10fC- 10 pC. 


195.2 Analog Cross Talk Study of Hardroc2 


We have injected the 1 pC charge in one channel. The crosstalk is measured from the 
neighbor channels by looking directly into the channel output. The 3% crosstalk is 
well differentiated and located on the input. It has also been confirmed that there is 
no long distance cross talk, as shown in the Fig. 195.1. 


195.3 Jitter Measurement of Discriminated Pulse 


Jitter is measured by using EZJIT Jitter analysis software. TIE (time interval error) 
is measured here. We have injected different charges (pC) in one particular channel 
and discriminated pulse jitter is measured (Fig. 195.2). 
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Fig. 195.1 Cross talk Measurement 
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Fig. 195.2 a Block Diagram for Jitter Measurement setup and b Jitter measurement 
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Fig. 195.3 DACO (Left most), DAC! (Middle), DAC2 (Right most) Linearity Curve 


195.4 DACs Linearity 


The threshold of each discriminator is decided by a 10 bit-DAC. These three DACs 
are similar, except that the reference current for DACO equal or half of the I(ref) of 
DACI1 and DAC2. In this way we can set the fine tuning for a small charge dynamic 
range of charge input (fC). DACO sets the smallest thresholds, from 10fC up to 
100 fC (Fig. 195.3). 


195 Front-End Readout for INO-ICAL GRPC 807 


195.5 Conclusion 


Approximately 3% Cross talk is noted and there is no long distance cross talk. Time 
interval error of HARDROC2 Discriminated pulse is measured which varies from 
few Pico second to 7ns and very less compare to the discriminated pulse width 
500ns. Linearity of DACs is studied and relationship between DAC and voltage is 
derived, which is very useful for the further study. 
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Chapter 196 
Production of D-Mesons in p+p and p+Pb oe 
Collisions at LHC Energies 


R. C. Baral, S. K. Tripathy, M. Younus, Z. Naik and P. K. Sahu 


The modification in spectra of the observed particles in the heavy ion collision has 
effect of cold nuclear matter (CNM) [2] before formation of QGP which are often 
masked by hot and dense matter effects. The p+Pb collisions give us a unique oppor- 
tunity to study these initial nuclear effects. A heavy quark owing to its large mass is 
produced much before the formation of QGP and remains free to probe thermalized 
medium without carrying any prior effects due to nucleus [3, 4]. From the recent 
result of p+Pb data [5] on particle production, the value of nuclear modification fac- 
tor (Rppp) deviates from unity by a significant amount mostly in low and mid-pr 
regions, which shows a considerable CNM effect on heavy quark. Different models 
used for this analysis are HIJING [6], AMPT [7], NLO [8] and FONLL [9]. 

ALICE has recently published results on D-meson in p+p and p+Pb collisions 
[10]. For p+p system, the study is based on the mid-rapidity region, i.e., |yems| < 
0.5, whereas for p+Pb system the rapidity range is —0.96 < Yom; < 0.04. We have 
ensured that no D-meson is coming from B-meson in our models. Normalized p+p 
yield was divided by T,, = 1.39 x 10> jzb~! to obtain cross-section, while for 
p+Pb, Tp, = 9.8334 x 107° wb7! [12]. Rppp can be defined as: 


d 
(Gop) pPb 


weer ene (196.1) 
AX (FE) pp 


Ropb = 


where A is the mass number of a nucleus, do is the pr differential cross-section. 
Figure 196.1 shows pr-dependence of average Rppp of D°, Dt and D** mesons in 
p+Pb data at ./sjn = 5.02 TeV. The calculations from HIJING and AMPT in p+Pb 
data are showing prominent CNM effects such as shadowing, EMC and multi-parton 
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Fig. 196.1 Nuclear modification factor for D-meson in p+Pb at ./snn = 5.02 TeV [11] 


scattering effects, for the entire pr range. The results underestimate the experimental 
data. The reason that Rppp from AMPT differs from that of HIJING may be due to 
additional partonic and hadronic transport parts in AMPT. In the case of NLO having 
shadowing feature and momentum broadening effect (Cronin) due to re-scattering 
is closer to the trend of the data within error bars. FONLL gives only very small 
shadowing effect for pr < 10GeV/c. To study explicitly the shadowing effect, we 
have taken the ratio of py-differential cross-section with shadow on and same with 
shadow off in p+Pb data. We see significant shadowing effect particularly at the 
lower and intermediate py regions, while any other effects due to Pb nucleus are 
canceled both from numerator and denominator of the ratio. In conclusion, there is 
an initial CNM effect playing an important role in all models. Further improvements 
are required in our parameter dependent models, to explain the experimental data. 
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Chapter 197 ®) 
Study of Discrete Symmetries for B, crest 
Meson System 


Bharti Kindra and Namit Mahajan 


197.1 Introduction 


CP violation has been well studied in K° — K 0 Bo B® and D® — D° meson system 
[1, 2]. CPT theorem states that lorentz covariant theories are invariant under CPT 
transformation which is consistent with experimental results. This implies T violation 
in neutral meson systems. 

T-violation has been studied in K meson system by observing a difference in rates 
of K° > K° and K® > K®. However, this observable is also CP violating, it can not 
guarantee T violation [3]. So, a genuine T-asymmetry was suggested by J. Bernabeu 
et al. in context of B meson system [4]. The idea was based on Einstein—Podolsky— 
Rosen (EPR) entanglement [5], which was used to form asymmetries by measuring 
time reversed processes. These asymmetries were tested at PEP-IT at SLAC and the 
results were in agreement with standard model [6]. 

We extend the same formalism to study discrete symmetries in B° — B° meson 
states which are obtained from decays of Y(5s) at B factories. This is relatively 
complicated both phenomenologically and analytically. This is because unlike By 
system, AI” ~ 0 for B, system. Also, in B factories, B, — By pairs are produced in 
both symmetrically and anti-symmetrically correlated state while B — B pairs are 
produced in anti-symmetrically correlated state only. 

We follow the same conventions and definitions as given in [4] with two changes. 
First, initial state is different, as it is a superposition of C = — and C = + state. It 
is written as 
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i) = plod BB") — |B") + (|B) + |B"B°)y 


Second, we are not neglecting AI’. 


197.2 Asymmetries 


Using the double tagging method, we have derived five asymmetries which are gen- 
uine signs of CPT/CP/T violation [7]. One of them is, Equal semileptonic asymmetry 
which is a CP and T asymmetry, and is defined as 


PG: 
~ P(t, 


~ 


Aj 


y- P,P) 
)+PU-,I-) 


~ 


where P (a, b) is the transition probability of observing a at time f, and b at time fy. 
Expression for C = — state: 
A, = 4K) 


For C = + state, 


2n[ — Rd) @ sinh(AI'tm) + xy cosh(AItm) + 2xy cos(Amtm) + 8y sin(Amtm) ) + 
3(6) (2x? cosh(AI"tm) + x? cos(Amtm) + 3x sin(Amtm) + 8y sinh(A'tm)) + 


2xR(E) (- cos(Amtm) + x2 cosh(AItm) + xy sinh(AItm) + x sin(Amtm)) ] 


Aj = 
: x (—cos(Amtm) + x? cosh(AItm) + x?y sinh(AI'tm) + x sin(Amtm)) 
Here, x = as and y = ao 


197.3. Conclusion 


Five such asymmetries have been calculated which can be measured using data for 
Y (5s) at B factories. The expressions are functions of four parameters. Hence, these 
asymmetries will constrain these CPT-,T- and CP- violating parameters in B, meson 
system. 
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Chapter 198 ®) 
Texture Zeros of the Lepton Mass si 
Matrices 


Neelu Mahajan 


The discovery of neutrino oscillations have provided us convincing evidence for 
massive neutrinos and a signal to explore New Physics (NP). The neutrino exper- 
iments [1] give us a very precise, finite and large value of reactor angle 0)3 and 
nearly maximal atmospheric angle 623. But, the data provide us no clue regarding 
the absolute neutrino mass scale and the related issue of the neutrino mass hierarchy. 
Also, the nature of neutrinos whether Dirac or Majorana is still unknown. From the 
theoretical point of view, the elegant way to explain this is the seesaw mechanism 
that gives us an explanation for the smallness of the neutrino mass as compared to 
their charged counterparts which requires the neutrinos to be Majorana particles. In 
this paper, we are comparing the two phenomenological models of the Majorana 
neutrino mass matrix and confront them with the recent neutrino oscillation data to 
check their compatibility. 
To begin with, we present hermitian texture 3 zero mass matrices, e.g., 


Bi Ap G C, 0 A, 
M,=|{4*00], M,yp={ 0 0B, |], (198.1) 
00¢ A* BY 0 


M, and M,p respectively corresponding to Dirac-like charged lepton and neutrino 
mass matrices. Details of diagonalizing transformation can be looked in our previous 
paper [2]. In case of Majorana neutrinos, the neutrino mass matrix M, is given by 
seesaw mechanism, for example, 


M, = —M) (Mr) | M,p, (198.2) 


where M,p and Mp are respectively, the Dirac neutrino mass matrix and the right- 
handed Majorana neutrino mass matrix. In Model I, following Fukugita et al. [3] we 
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Fig. 198.1 Plot showing the parameter space for mixing angles sin6,3 and sin”023 as shown by 
dots and crosses for model I and II respectively. The blank rectangular region shows the experi- 
mentally allowed 3c region for si n2613 and sin? 623 


consider the structure of Mr = mr! as simple as possible to keep the number of 
parameters under control, where / is the unity matrix and mp denotes a very large 
mass scale. In Model II, following Fritzsch et al. [4] we can introduce the same 
texture structure on Mr as on M,,, given by (198.1). Using seesaw equation (198.2), 
we can calculate M,, and it comes out to be texture 2 zero type. Its matrix elements 
are given by 


A. = Ap B BpCp CpAp (2 2) fs CB D= CB (2 ay 
CRT ARK Cy CR] 
(198.3) 


To check the viability of these two models, we have presented a plot showing the 
parameter space by constraining sin?0, by its 3a experimental bound [5]. Interest- 
ingly, plot shown by dots does not show any overlap with the allowed rectangular 
region, concludes that the model with Mp diagonal is not able to reproduce the oscil- 
lation data. Model II shown by crosses have a significant overlap with the rectangular 
region, survives current mixing data having 023 maximal and also reveals the normal 
hierarchy of Majorana neutrino masses. Thus, texture zero model for Mr enhances 
the predictive power of the model (Fig. 198.1). 
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Chapter 199 M®) 
Study of a Triple GEM Detector ra 
Operated with Different Argon 

Based Gas 


Rajendra Nath Patra, R. N Singaraju, S. Biswas, Z. Ahammed, 
T. K. Nayak and Y. P. Viyogi 


199.1 Introduction 


The study of GEM detectors over the last two decades has mainly focused on its rate 
capability, position and timing resolution and ion suppression [1]. A large number 
of studies have used the gas mixture of Ar:CO, (70:30) but very few studies are 
available for other gas mixtures [1], that too mainly for single GEMs. Having more 
Argon may be sometimes advantageous if high count rate is not the issue but running 
the detector at lower voltage becomes more important. Our study with Ar:CO> (70:30) 
gas mixture has been presented earlier [2]. Here we report our results for the Ar:CO2 
( 90:10) mixture and compare the two results. 

The construction of 10 x 10cm? triple GEM detector is described in [3]. A 
negative high voltage (HV) is applied using a resistor chain such that the voltages 
across the GEM foils are in the range of 280-350 V. 
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199.2 Experimental Measurements and Results 


To measure the efficiency as a function of applied HV we used !°°Ru-Rh £-source, 
with triggers provided by the coincidence signal of two crossed scintillator detectors 
kept above and a third scintillator detector kept below the GEM detector under study. 
The result is shown in Fig. 199. 1a. The efficiency at the plateau is found to be ~95%. 

The gain and energy resolution are measured with Fe X-ray source. The energy 
spectrum of *°Fe is shown in Fig. 199.1b. The gas gain is calculated assuming that 
the main peak in Fig. 199.1b corresponds to full energy deposition of 5.9keV X-ray. 
Variation of gas gain with applied HV is shown in the Fig. 199.2a along with the 
earlier results of Ar:CO, (70:30) gas mixture [2]. 

Energy resolution calculated from the Gaussian fit parameters of *°Fe main peak 
is shown in Fig. 199.2(b) for various HV values along with the results of Ar:CO2 
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Fig. 199.1 a Efficiency as a function of HV obtained by using !°°Ru-Rh source, b *>Fe spectrum 
at 3800 V for the GEM detector operated with 90:10 gas mixture 
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Fig. 199.2 a Gain as a function of HV for both gas mixtures, b Energy resolution (FWHM) as a 
function of HV for both gas mixtures 
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(70:30) gas mixture [2]. It is found that for Ar:COz (90:10) gas mixture the gain is 
much higher at relatively much lower applied voltage and the energy resolution is 
also slightly better. 


199.3. Summary 


The triple GEM detector operated with Ar:CO, (90:10) gas mixture is found to 
provide same efficiency at much lower operating voltage compared to the one using 
Ar:CO, (70:30) gas mixture, the gas gain is also higher and energy resolution is 
slightly better. 
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Chapter 200 M®) 
Masses of P-Wave Charmonia in Isospin ly 


Asymmetric Strange Hadronic Matter 
Using QCD Sum Rules 


Sushil Kumar 


200.1 Introduction 


Many different efforts have been made in many different directions for understanding 
and clarifying the origin of mass of the matter that surrounds us. Thus in-medium 
properties of hadrons containing charm and strange mesons is of considerable inter- 
est. At sufficiently high temperature, the QCD medium will undergo a phase transition 
from confined phase(Hadronic matter)to deconfined phase (QGP). The upcoming 
Compressed Baryonic Matter (CBM) experiment at Facility for Antiproton and Ion 
Research (FAIR) at Institute for Heavy Ion Research (GSI), Germany intends to 
study the properties of the hadrons containing charm and strange quarks extensively, 
while the PANDA Collaboration will study the modifications in the mass and width 
of charmed hadrons in the nuclear matter and the charm spectroscopy. Observation of 
new states with exotic quantum numbers of charm and strangeness may be possible 
outcome of these experiments in future. In the chiral SU (3) model, the modifications 
in the P-wave charmonia masses are due to interactions with the hadrons and scalar 
mesons (0, €, 6 and x). In the [1] it is suggested that within QCD sum rule calcula- 
tions, interactions of heavy quarkonium states with the hadronic matter are through 
the gluon condensates. In the QCD sum rules, modifications of the scalar gluon con- 
densates, CG) and twist-2 tensorial gluon condensates, (=G4, Ge) give 
rise to the mass modifications of 3 Po( Xeo) and 3 Pi ( Xe1) States. 
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200.2 Chiral SU (3) Model 


The Chiral SU(3) model [2] is a field theoretical model based on chiral symmetry 
[3-5] and broken scale invariance [2, 6]. To include the charm meson interactions 
with the light hadrons, Chiral SU(3) model is generalized to SU(4). The Chiral 
SU (4) model has been used to study charmed strange meson in the dense hadronic 
matter [7] and to study the in-medium modification of vector meson properties [2]. 
The general form of Lagrangian in Chiral SU (3) model is as follows: 


L= Lkinetic + > LBaryw + Lyect + Lum =F LsymBreak: (200.1) 
W=X,Y,V,A,u 


The spin-0, spin-! meson multiplets and baryon octet are elementary degrees of 
freedom in the lagrangian. In (200.1), Liinetic i8 the kinetic energy term, Lgaryw 
includes the interaction term of the baryons with the spin-0 and spin-1 mesons. The 
Lum gives the meson-meson interaction terms and Lym Break introduces an explicit 
symmetry breaking of the chiral symmetry. 

The mean field approximation have been used in the present investigation to study 
the in medium properties of P-wave charmonia. In the mean field approximation, all 
the meson fields are treated as classical fields and only the scalar and vector fields 
contribute to the baryon-meson interactions [8]. The effective mass of the baryon of 
species j is given as, 

M5 = —8ojF — 8c jb — 85j736, (200.2) 


where m’; is the effective mass of the baryon of type, j (j = A, Bos". pn), 
8oj> 8cj and gs;, are the coupling constants for the interaction of baryon species 
j with the o, ¢ and 6 fields respectively and 13 is the third component of isospin. 
The coupled equations of motion for the o, ¢,6 and x fields are solved at different 
values of baryon density and temperature. The parameters 7 and f; give the isospin 
asymmetry and strangeness of the hadronic medium and are defined as 


(Pn — Pp) | (ps- — ps+) | (Pa- — pst) f= uj pj; Sj 
(2pz) (pp) (208) °° (pp) 


= (200.3) 


where (; is the number density of the baryon of type, j(j = A, E-9y +0 py, n) and 
pp is the baryon density and $; is the number of strange quarks of baryon ‘j’. 


200.3 QCD Sum Rules 


In QCD sum Rules we approach the bound state problem(large distances) from 
the asymptotic freedom side (small distances). The asymptotic freedom starts to 
break down and confinement effects become important. Breakdown of the asymptotic 
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freedom is signaled by the emergence of power corrections due to the non perturbative 
effects of QCD vacuum. In QCD sum rule [1], the in-medium masses of the lowest 
charmonium states can be written as 


Mj_,(k) 
2 n—1 2 
—4m-k 200.4 
Mb) mM. (200.4) 


where M/ is the nth moment of the meson and k is the normalization scale. Using 
operator product expansion, the moment MJ can be written as [1] 


Mi (k) = Al) [1 +a! as + bJ bs + cf] (kK) bc] ; (200.5) 


where AJ (k), a/ (k), by (k) and c/ (k) are the Wilson coefficients. The coefficients 
a} and b/ are associated with perturbative radiative corrections and scalar gluon 


condensate term respectively. 
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Fig. 200.1 The masses of the x-9 and x-1 are plotted as functions of n, for baryon density, pg = 
0, po, 80 at different temperatures for isospin asymmetry parameter, 7 as 0 and 0.5 in the isospin 
asymmetric strange hadronic matter 
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200.4 Result and Discussions 


Figure 200.1 shows the masses of x,o and x, states in isospin asymmetric strange 
hadronic matter for baryon densities pg = fo and 8 fp respectively, at temperatures 
T = 0.100 and 150 MeV for 7 = 0.0 and 0.5. As dilaton field changes very feebly 
with isospin asymmetry of the medium, so the effect of isospin asymmetry on the 
mass modifications of the x-9 and x-; mesons are almost negligible. 


200.5 Summary 


In the present investigation, the masses of the P- Wave charmonia in isospin asym- 
metric strange hadronic matter is calculated using modification of a dilaton field. The 
effect of the isospin asymmetry of the medium on masses of P-wave charmonia is 
almost negligible. The present study of in medium properties of P-wave charmonia 
can be particularly relevant to the experiments at the Facility for Antiproton and Ion 
Research (FAIR) at GSI, Germany. 
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Chapter 201 ®) 
HO Weight Factor in Particle Flow creek 
Algorithm in CMS Experiment 


Suman Chatterjee and Gobinda Majumder 


On behalf of the CMS Collaboration 


201.1 Introduction 


The Compact Muon Solenoid (CMS) [1], one of the two general purpose detectors 
at LHC, contains, as we go radially outward from the beam line, a tracker, an elec- 
tromagnetic calorimeter, a hadron calorimeter inside 3.8 T solenoidal magnetic field 
and a muon spectrometer outside the magnetic field. CMS also has a Outer Hadron 
calorimeter (HO) outside the magnetic field, before the muon chamber, to sample 
the tail of the highly energetic hadron showers as hadron calorimeter inside the mag- 
net is not sufficiently thick to capture completely the shower initiated by the highly 
energetic jets. HO consists of five rings in total. The one at central region with two 
layers, about 7 = 0, at different depths is known as Ring 0. The other four rings 
are Ring 1(—1), Ring 2(—2) as one goes along positive (negative) z direction. Each 
ring covers the full angular space (277) in ¢ direction and they are subdivided to form 
towers of Aj x Ad ~ 0.87 x 0.87 mapping the hadron calorimeter layers inside the 
magnet. 
In Particle Flow algorithm, total energy measured in calorimeter is taken as 


Evoral = Excat + 1.3 x (Eng +w x Eno) 
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where w is the weight factor HO w.r.t. HB (portion of hadron calorimeter inside 
the magnet up to 7 = 1.4). Aim of this project is to measure w and its energy and 
direction dependence at a function of the energy deposit the jets in HO. 


201.2 Event Selection 


The events with at least one jet with Pr > 200 GeV in barrel (HB) calorimeter inside 
the magnet and energy deposit in HO more than 5 GeV are selected. Roughly 7% of 
the total hadronic events satisfy these selection criteria. 


201.3. Method of Approach and Experimental Results 


HO weight can be optimized to counterbalance the energy leakage which gives rise 
to Missing Transverse Energy (MET). HO weight is also calculated from the best 
resolution of P; difference of two jets in the dijet events. Figure 201.1 depicts the 
performance of HO weight to reduce MET (left) and to make the resolution of dijet 
balance better (right). 

From Fig. 201.1, it can be concluded that HO weight factor increases with the 
energy recorded in HO cluster; to describe this pattern a functional form was tried 
for HO weight factor where HO weight has a linear dependence on HO cluster energy, 
w =0.5 x (1+ 8 x Exo) and checked how MET and dijet resolution varies with 
G3. We find that almost same value of 3 (~0.012) corresponds to minimum MET/best 
resolution for dijet balance for all the ranges of HO cluster energy. Photon+jet 
balance, also used in this study, exhibit similar results. 
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Fig. 201.1 Variation of the mean of MET distribution and variation of Gaussian width of relative 
Pr difference of two jets with HO weight factor for different ranges of HO cluster energy [2] 
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201.4 Conclusion 


We observe that HO weight, with a clear energy dependence, has an appreciable 
impact on physical observables and can be optimized for different ranges of the 
energy measured in HO. We have also shown that it is possible to optimize the mea- 
surement of different observables by approximating HO weight as a linear function 
of the energy recorded in HO cluster. 
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Chapter 202 M®) 
Measurement of Missing Transverse a 
Energy in CMS Experiment 


Pallabi Das and Kajari Mazumdar 


202.1 Introduction 


Particles that go undetected inside a detector are the main cause of missing transverse 
energy or MET or E7"*’. By definition, 


=> ® : 
Eps =— S° By (202.1) 


ie€visible 


where ri is the transverse momentum of the i“ detected particle, like muons, elec- 
trons or hadrons produced by hadronization of quarks and gluons. The momentum 
imbalance due to detector resolution and sensitivity of the detector to various identi- 
fied particles must be scrutinised thoroughly before relevant physics interpretation. In 
practice, the MET is corrected for the potential effects of the detector measurements 
and details of event reconstruction algorithms. 


202.2 CMS Detector 


CMS detector [1] consists of four detector subsystems: tracker, electromagnetic 
calorimeter (ECAL), hadronic calorimeter (HCAL) and muon system. The Tracker 
reconstructs the tracks of charged particles and measures the transverse momentum 
(pr). The ECAL and HCAL measure the energy deposits from charged and neutral 
particles via electromagnetic and hadronic interactions. The Muon system is used 
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for the detection of muons and measuring their momenta, it is the outermost part of 
the detector. 


202.3 Es Corrections and Uncertainties 


The simulated and reconstructed top pair production events are studied, as the inclu- 
sive final state consists of leptons, jets and genuine E7'*: t > Wb, W > qq’ or 
W = Iv. The estimate of E7"** is affected by energy thresholds for calorimeter 
response and the non-linearity of calorimeters. For example, the jet energy correc- 
tions applied to each of the measured jet momentum in an event are incorporated in 
the calculations via the following relation: 


a , | 
Eps =— Be — DS) Br (202.2) 


jejet ieuncl. 


All the particles in a particular event can be divided into two parts: some are clustered 
into jets while the others remain unclustered. The pr of the unclustered particles are 
not corrected by the jet energy correction factor. 

The E7'* uncertainty is the resultant of the uncertainties in the measurement of 
four-momenta of particles in various detector components. For example: the unclus- 
tered energy part of E7"'**, which is not associated with well reconstructed objects, 
has the following contributions: charged hadron, neutral hadron, photons and for- 
ward particles. Effect of each component uncertainty on E7"'** can be seen from 
Fig. 202.1. 
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Fig. 202.1 Typical E miss distribution from Drell-Yan events [2] and variations in fractional change 
inE miss observed in t7 simulation 
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202.4 Future Work 


Identification of physics processes like W production, tf production as well as search 
for various beyond Standard Model physics phenomena requires presence of signif- 
icant E7"'’ in the event. Efforts are being made to improve the £’”'** measurements 
in the high pileup environment as foreseen in upcoming LHC runs. 
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Chapter 203 ®) 
Study of Medium Effects for Structure sheet 
Properties of Quark Matter Star in Color 
Flavour Locking Phase 


Suman Thakur and Shashi K. Dhiman 


203.1 Introduction 


It has been investigated [1] that the material in the core of compact stars may con- 
sist of quark matter. Compact stars which are absolutely made up of quark matter, 
additionally there maybe a small layer of a crust of nuclei are called Quark stars. 
Witten [1] claim that the quarks matter may be the true ground state of nuclear dense 
matter in the compact stars. Theoretical researchers generally admit that the ground 
state of QCD with three flavors is the color-flavor-locked (CFL) phase [2]. In present 
work, we propose to investigate the quarks matter within the framework of self con- 
sistent chemical potential dependent quarks quasiparticle model. Here, a set of EOS 
is employed to investigate the mass-radius relationship of quarks star. 


203.2 Theoretical Framework 


The effective hamiltonian of Quark quasiparticle Quark model may be expressed 
as [3], 


d, ; 
Hepp (Ps ta) = x5 DD, (y/p? + m2 — 1g) aaj + B*Gmg,g), (203-1) 
Vy q 


where g = u, d ands quarks, d, is the color-spin dengenracy of quarks, v, represents 
the fermi momentum of the quarks. The B*(m,, g) represents the mass and medium 
effects dependent Bag function as shown in Fig. 203.1, g is the coupling constant 
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of asymptotic freedom. The total thermodynamical potential of quarks matter in the 
CFL color superconducting phase is 


Qeri (hs Me) = Lcrr(B) + PEF, (i, Me) (203.2) 


The total energy density and pressure for CFL color superconducting quarks matter 
can be calculated as: Egy = Qcri (ft, be) + 3g, Pop = —Qcri (fh, Ce). 


203.3 Results 


100 
We 
I— (B,)'=155MeV 
— (B )'"=165MeV 


35 


wn 
o 


* 


B (MeVfm 


-50 
0.5 1 1.5 8 9 10 11 12 


n,(fm”) R(km) 


Fig. 203.1 Variation in Effective bag function as a function of density(left) and Mass-Radius 
Relationship(right) of Quarks Star having masses of each quarks (m, = 5 MeV, mg = 5MeV and 
mys = 100MeV) at CFL gap (A = 10 MeV) (Paired Quarks matter) 


203.4 Conclusions 


The range of gravitational maximum mass is found to be lie in the (1.54-2.01)Mo, 
corresponding radius in (8.3—10.9)km for quark stars. These theoretical results of 
Gravitational mass and radius are good in agreement with the recent observations 
for masses of 1.97 + 0.04Mo and 2.01 + 0.04Mo of the pulsars PSR J1614-2230 


and PSR J0348+0432, respectively [4]. 
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Chapter 204 ®) 
Simulation Study of a Possible cro 
Indium-Based Cryogenic Detector 

for Electron Neutrinos 


Neha, G. Majumder and V. M. Datar 


204.1 Introduction 


An Indium based detector for studying low energy pp neutrinos from the Sun in real 
time was proposed by Raghavan [1] who also discussed an implementation based 
on a pixelated In-loaded liquid scintillator (In-LS) [2]. Another possibility based on 
a cryogenic Indium detector was discussed by Booth et al. [3]. The Indium detector 
detects electron neutrinos through the charged current interaction via an allowed 
Gamow-Teller transition. The prompt electron is followed by a delayed y-ray cascade 
(115-498 V) from the 7/2* s excited state in Son (7 ~4.7 18). A triple coincidence 
requirement has been shown to provide a very good background rejection for the In- 
LS detector with a unit size of ~ 7.6cm. In case of cryogenic detector, the smaller the 
size of the cube the better the discrimination from the random coincident background 
due to the intrinsic ''° Jn radioactivity but the larger the number of readout channels 
and consequent thermal load for the cryogenic system. 
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204.2 Estimation of smallest unit of detector 


The capture rate of low energy pp solar neutrinos with the !!> Jn is given by the product 
of cross-section of interaction (o in units cm”) and the estimated solar neutrino flux (@ 
in units of cm~*s~'). Estimation of [1] gives 0g ~ 750 SNU [1 SNU(solar neutrino 
units) = 10~%° captures/(target nucleus)(s)] for the combined capture rate due to pp, 
pep, 'Be solar v’s. The capture rate for only pp is 693 SNU computed by taking 
o = 11x 10- cm? and d = 6.3 x 10!°cm~*s~! [1]. For total mass of 5 ton In, 
event rate is calculated as 
M —5 -1 
(S) = (o¢)(Na) (=) = 1.8 x 10s (204.1) 


The activity of In is 0.25 Bq/gm which leads to a background event rate of 1.25 
(2.5) x 10° s~! for 5 (10) ton of mass, resulting in S/N ~ 107'!. However, a triple 
co-incidence technique [1] can be used to suppress this background and achieve 
S/N ~ 1, as discussed below. 

For any particle detector the localization of event is a very important. In the 
proposed Indium-based detector the event is localized by making small cells of In 
whose dimensions are optimized by (a) chance co-incidence rate and (b) attenuation 
factor of gamma rays(jt,,). The signal in the detector comprises of (i) the prompt 
coincidence of e~ pulse due to 1 - In CC interaction and 3.3 ws (7, = 10 rs) delayed 
y of E= 115.7keV energy, (ii) the delayed coincidence of 115.7 keV gamma (from 
(i)) and 497.3keV y with 7,2 = few ns (72 = 10ns). Random coincidence rate 
becomes 


ne (Nin) (%) _ 195 x 10°s7! 


; (204.2) 


n n n 
where N; = N> =1.25 x 10° s~! for 5 ton detector and n is the number of cells in 


the detector. 5 
ie (9 x 107!!)(n?) (204.3) 


For S/N = 1, n = 77459 and the size of the cell can be calculated as 


Min 
volume = ——— ~9 (204.4) 
Pin Xn 


Assuming the cell to be a cube, the appropriate dimension would be 2cm x 2cm x 
2cm. 

For a y-ray of energy E = 100V (S00V), tu, = 1.609 em?/g (9.371 x 
10-7 cm? /g) [5] which results in attenuation length = 0.085 cm(1.46 cm). This means 
that the 115keV y-ray would be detected in the same cell whereas roughly half of 
the 497 keV -rays would leave the cell for cell dimensions of 2cm x 2cm x 2cm. 
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However the additional randoms due to a larger number of nearest neighbors would 


be offset by a smaller energy window due to the excellent energy resolution expected 
from a cryogenic detector. 
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205.1 Analysis of Experimental Data and Monte-Carlo 
Generation 


Events are triggered with atleast one strip hit in L1, L2, L9, L10. Muon hits are 
selected with multiplicity of 1,2 and 3. So that noisy layers will be removed. Accepted 
Muon hits in all layers are fitted with Straight Line in both X-Z and Y-Z plane. 
Physical shift in the detector will be aligned by iterative method using muon data. 
Position offset, Multiplicity, X and Y residues, uncorrelated, correlated and trigger 
efficiency are calculated. Slope, intercept, deviation, y” and NDF will be extracted 
from straight line fit in both X-Z and Y-Z plane, consequently 6 and ¢ of cosmic ray 
muons. 

In MC, the point(x, y) on the bottom trigger layer (Layer 1) is generated randomly. 
Theta is generated using cos” 6 over solid angle for n = 2. Phi is generated uniformly 
from —7 to 7. If hits in top and bottom trigger layers inside the detector, then hits 
on the other layers also generated otherwise it will start next event. The generated 
hit position is smeared using resolution plots from data. The corrected multiplicity 
from data is used to generate the strip multiplicity depends on hit position in strip. 
Correlated and Uncorrelated inefficiency maps are also incorporated. 
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205.2 Calculation of Exponent and Integrated Flux 


The n value and integrated flux is calculated using (205.1) and (205.2), 


ei — Py sin @ cos” 6 w(8))? 
None + Po X Ow X Po X Ow 


x = Dp (205.1) 


Né, ps iS experimentally observed theta distribution, w(9) is weight (Nqre’/Nijc) 


each theta bin, o,, is weight error. 


ie Fata (205.2) 
Etrig X Eselec X EDag X W X Trot 
Tgata - Integral of the theta distribution histogram in data. €;,ig = vo sie 
incident 
. 3 : 2 
Noclected €Daq = Daq efficiency, w = AXN He cos" @sinbdé hb - d@, N - No of events 


trigger 


inside the top and bottom trigger layer, N’ - No of events generated on bottom trigger 
layer, T,o; = Total time taken to record the data (in seconds). 

The calculated n = 2.06 + 0.21 and Ip = (5.99 + 0.48)x 10-3cm~?s~!sr7!. 
Errors includes the statistical error in data, as well as systematic error due to mis- 
match of data and MC, trigger efficiency, selection efficiency, event selection crite- 
ria(minimum number of layers for reconstructed trajectory, maximum \*/ndf ) and 
Dag efficiency. Using similar 12 stack of 1m x 1m at TIFR (Mumbai) obtained n = 
2.15 + 0.01 and Ip = (6.217 + 0.005) x 107? cm~?s7!sr7! [1]. 
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and E. Yuvaraj 


206.1 RPC HV Bias Supply 


The supply for RPC biasing is designed as a + 0-6kV split supply [1], so as to 
minimize HV leak problem on the chamber surface. Figure 206.1 shows a simplified 
block diagram of the supply. The positive and negative HV outputs are generated by 
two low cost, low noise HV DC-DC converters specially developed for this appli- 
cation. The converter topology, based on a current fed resonant Royer circuit [2], 
minimizes harmonic generation and RFI due to quasi sinusoidal power delivery of 
the inverter. In addition to programming of output voltages, the supply has provision 
for remote on/off control, setting adjustable HV ramp rates and output voltage/load 
current read back facility. An on-board Atmel AVR microcontroller receives all the 
HV control commands from the local RPC Digital Front-End data acquisition (DFE) 
board through a 4-wire SPI interface. For debugging purposes, a separate RS-232 
serial port has been provided in the card, to test HV supply functionalities in the 
absence of the DFE controller. The debugging commands can be issued from a PC 
hyper terminal directly. 


206.2 Salient Features and Performance 


The HV supply is constructed in a triangular shaped PCB (dimension: 10.5cm x 
10.5cm) for mounting in one corner of the RPC as shown in Fig.206.2. To 
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Fig. 206.1 HV Supply Schematic 


HV Board 


» DFE Board 


Fig. 206.2. HV Supply and its location 


accommodate all the supply circuitries in the available space, the design was parti- 
tioned into several daughter boards sitting on the main triangular board. Measured 
performance of the bias supply is as follows: (a) O/P voltage adjustable in the range 
from +100 V to £6kV. Setting resolution 2 V, accuracy + 1% of ES. (b) O/P ripple 
and noise: less than 200 mV(p-p). (c) Load current read back: 0-2000 nA (accuracy 
+1% of FS.), measuring resolution 1 nA. (d) HV Ramp rate settable: 1-100 V/s. 


206.3 Results and Conclusions 


The Module has been tested on 2m x 2m RPC at TIFR for long term (15 days) 
stability of voltage, current and RPC noise rate. The performance was found to be 
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satisfactory. The interface to DFE though the SPI link has been implemented and 
tested. We are ready to manufacture the HV modules for the Mini-ICAL after more 
long term tests for RPC noise and efficiency with the HV module. 
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Pressure 
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207.1 Resistive Plate Chambers 


Resistive Plate Chambers (RPC) are basically gaseous parallel-plate detectors 
[1, 2]. RPCs are often operated in avalanche mode with a non-flammable gas mixture 
of 1, 1, 1, 2-Tetrafluoroethane (95.2%), iso-C4 Ho (4.5%) and S F¢ (0.3%), which is 
continuously flushed through the gas gap. The performance of a RPC is affected by 
possible leaks in the detector. Hence, a proper leak test has to be performed on each 
RPC. 
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Fig. 207.1 Leak test results 


207.2 Leak Rate Estimation 


The chamber is first pressurised up to 45 mmWC above the atmospheric pressure 
(Note. 1 mmWC = 0.098 mbar). Then, the measurements of absolute pressure, both 
inside and outside of the RPC, are recorded continuously using two separate pres- 
sure sensors, BMP180 which is a piezo-resistive sensor, manufactured by BOSCH 
[3]. But, the volume of the RPC changes by a small amount due to the variation of 
atmospheric pressure (see Fig. 207.1a) and temperature (see Fig. 207.1b) during the 
day. To compensate this change in volume, a linear correction factor (x,) is intro- 
duced. Here, it is assumed that the change in volume of RPC depends linearly on the 
pressure difference (A P) between inside and outside. The amount of gas (7), inside 
a chamber of volume V (6.5L for current RPC), can be calculated using the Ideal 
Gas equation and the correction term: 


V, ic P,. ic 
a ( eye ) x (1 Xp (AP — APrime=p)) (207.1) 
R Tepe 
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For different values of x,, the variation of n, », calculated is plotted and fitted 
with a straight line. For each case, x7 value is calculated and plotted with x p (see 
Fig. 207.1c). At minimum x?, Xp is 2.59 x 10-4 mmWC7!. The Nrpe Plot is shown 
in Fig. 207.1c before volume correction. After correction, Fig.207.le shows a leak 
rate of 3.5 x 107° mole/hr. 

Also, during the test period, the supporting button spacers inside the RPC may 
get detached due to any manufacturing defect. This effect can be detected clearly by 
observing the sudden fall of inside pressure. This method can be used for any kind 
of sealed chambers other than RPC where the structure of the chamber is prone to 
deform due to variation in atmospheric pressure. 
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208.1 Introduction 


The high energy heavy-ion collision experiment aims to study the fundamental con- 
stituents of matter and their interactions with each other. Along with the study of 
QGP formation the high energy collisions aims to study the production mechanism of 
matter and anti matter. Matter(anti-matter) is composed of particles(anti-particles). 
It is believed that during the initial stage of universe, matter and anti matter exists in 
equal abundance. But it is still a mystery how this symmetry got lost in the evolution 
of universe with no significant amount of anti-matter being present. 

To understand the production mechanism of (anti-)nuclei we use AMPT (A Multi 
Phase Transport) [1] model that is constructed specifically for the study of QGP in 
high energy heavy-ion collisions such as those at RHIC and LHC. The AMPT model 
includes both initial partonic and final hadronic interactions and transition between 
these two phases of matter. 


208.2 Results 


We show the results on rapidity distributions, particle ratios and coalescence param- 
eter of proton and deuteron as well as their anti-particles. Figure 208.1 shows the 
basic quality assurance plot of rapidity distribution of protons (left) and of deuterons 
(right) for Pb—Pb collisions at ./syn= 2760GeV for default AMPT version. The 
comparison of available experimental data [2, 3] with the default and string melting 
versions of the AMPT model are studied. The left plot of Fig. 208.2 show the d/p ratio 
as function of energy for heavy-ion collisions, in addition comparison with the data 
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Fig. 208.1 Rapidity distribution of protons (left) and of deuterons (right) for Pb—Pb collisions at 
/SNN= 2760 GeV 
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Fig. 208.2 Comparison of default and string melting version of AMPT. Left: d/p ratio as a function 
of energy; Right: Bz as a function of transverse momentum for Pb—Pb collisions at ./snn= 2760 
GeV 


is also shown. Both the default and string melting version explain the experimental 
measurements of d/p ratio well from AGS up to LHC energies. The right plot of 
Fig. 208.2 shows the typical example of Bz as a function of transverse momentum 
for Pb—Pb collisions at ./sjyn= 2760 GeV. B2 increases with pr in string melting 
model and remains almost constant in default version. 


208.3. Summary and Outlook 


We have generated events for Pb-Pb at /snn= 4.8, 17.3, 2760GeV and Au-Au at 
200 GeV in AMPT model. Basic QA plots are presented. d/p is obtained for various 
energies and its comparison with experimental data is shown. As an outlook,we 
plan to obtain coalescence parameter Bz for heavy-ion collisions from AGS, SPS, 
RHIC up to LHC energies using both versions of AMPT model and will compare 
it to experimental measurements. We will also compare elliptic flow (v2) results 
from both default and string melting versions with available data to understand the 
production mechanism of nuclei in these collisions. 
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Chapter 209 Mm) 
Orbital Dynamics Using crest 
Pseudo-Newtonian Potential 


Tamal Sarkar and Arunava Bhadra 


209.1 Introduction 


The Pseudo-Newtonian Potentials (PNPs), which are constructed/proposed to repli- 
cate few general relativistics features approximately in Newtonian framework, are 
often used to study inner relativistic dynamics of the accretion flow around spacetime 
geometries describing black holes. For a general class of static spherically symmetric 
space time metrics ds* = — f(r) c? dt? + A dr? + f(r)'-*r?2dQ? , where f(r) 
is the generic metric function, 6 is an arbitrary constant parameter, the PNP can be 
written as [1] 


et =i gee PP a1 a es 
Von = 5 ( 3 pai ) j (pet —ay" +r°Q%]). (209.1) 
The particle trajectories can be obtained by solving the Lagrangian equations for 
the potential given in (209.1). In the below, we studied particle trajectories for a 
well known naked sigularity spacetime - Janis-Newman-Winicour (JNW) metric for 
which 6 = y and f(r) = 1 — aa where, 0 < y < 1. The geodesic equations are 


i 27? 
peu (: =) Le Gee ee [ TS (4 4. | (6 + sin? 64”) 
y 


yr P Go)\2 
yr 
(209.2) 
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Fig. 209.1 Comparison of elliptic like trajectories of particle orbit in equatorial plane in JNW 
spacetime with those in Schwarzschild and Newtonian cases projected in the x-y plane. Solid and 
short-dashed lines corresponding to Newtonian and Schwarzschild cases, respectively. Long dotted- 
dashed curve in Fig. 209.1la, b, c, d, e, f are for y = 0.2, 0.3, 0.4, 0.5, 0.7, 0.95, respectively. The 
particle starts from apogee with rg = 40r; with v, = 0.0 and vy = vin = 0.092 (in units of c). For 
y < 0.2, no proper well defined elliptic like orbits exist with the orbital parameters chosen here 


and 


3 oe eae) 2cot9 6,8 oe? | + sins cos 0 @ 
r yr —2rs r yr — 2rs 
(209.3) 


For particle dynamics along circular orbit, 7 = 0 and 7 = 0. The particle trajec- 
tories obtained by solving (209.2)—-(209.3) are shown in Fig. 209.1. 


209.2 Conclusions 


The test particle dynamics along circular orbit in JNW space-time departs to those 
in Schwarzschild geometry. The stated deviation is larger for smaller y. 
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Chapter 210 M®) 
Ethernet Scheme for Command and Data “2 
Acquisition for the INO ICAL Detector 


P. Nagaraj, M. N. Saraf, B. Satyanarayana, D. Sil, S. S. Upadhya 
and E. Yuvaraj 


210.1 Introduction 


There will be around 28,800 2m x 2m RPCs in the INO-ICAL detector [1]. Each 
RPC will have 64 X-side strips and 64 Y-side strips. Each RPC will have a dedicated 
FPGA based data acquisition unit (DFE) with Ethernet controller [2]. RPCs with On 
Board DFE with Ethernet facility makes the entire ICAL as LAN and helps in data 
transportation to server. 


210.2 Event Data Acquisition 


On every event an event trigger is generated by the global trigger system and is 
fanned out to all the RPCs (DFE modules) as shown in Fig.210.1. On receiving 
the trigger signal, the participating DFEs will collect event data (Event time stamp, 
strip hit and time of flight) from their respective RPCs and push the event packet to 
transmit buffer. The integral number of event packets are sent to (one or more) Data 
Concentrator(s) at the back end over dedicated and pre-established TCP connections. 
Each DFE modules are capable of handling 38 Mbps data throughput. 
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Fig. 210.1 Block diagram highlighting data and signal flow 


210.3 Data Concentrator 


The Data Concentrator in back end will act as a server and the DFEs will act as clients 
in terms of the network protocol as shown in Fig. 210.1. The Data Concentrator(s) 
gather the RPC data packets and attach an event number to each of the data packets 
belong to the event based on event time stamp comparison before transmitting the 
data to another server, the Event-Builder. 


210.4 Command Interface 


UDP based command interface was implemented in MULTICAST and UNICAST 
modes to control DFE functionality. Suitable handshaking and checksum schemes 
are implemented to ensure reliability of command and acknowledgment. Average 
Cycle time of a command is | ms. 


210.5 Conclusion 


Our proposed scheme will result in reduced system cost by using off the shelf Ethernet 
LAN components, as also the use of open source Ethernet protocols. It is very easy 
and flexible to configure, build and monitor the large systems. We will deploy this 
scheme in the proposed Mini-ICAL by 2017. 
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Chapter 211 ®) 
Curvature Effect on QGP Equation a 
of State 


Yogesh Kumar and S. Somorendro Singh 


211.1 Introduction 


Quantum Chromo-Dynamics (QCD) predicts the order of phase transition from 
hadronic phase to the Quark—Gluon Plasma (QGP) phase. 


211.2 Model Description 


Earlier the free energy with effect of curvature term calculated using dynamical quark 
mass [1]. Further Kumar et al. [2] have modified the calculation at finite thermal quark 
mass. Now, we extend the previous work by using modified effective quark mass of 
quasiparticles and defined as [3]: 


merp(T) = m5 + V2mom, + mz. (211.1) 


where, mo is current quark mass with Ny = 3 and mz, is the finite quark mass [2]. 
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Fig. 211.1 The variation of P/ T* (left) and ¢ / T* (right) with temperature (T) is shown 
211.3 Evolution of Free Energy and EoS 


The free energy, F; for quarks and gluons is modified with the inclusion of curvature 
term using modified effective quark mass using [2, 3]. It is defined as: 


Fy = Tg f dkpy(kyin(d MFO) (211.2) 
Using equation (2), we calculate pressure and energy density given as [4]: 


d d 
P=-—F, ; ¢«=T—P,-P,. (211.3) 
dv dT 


Using these relations, we calculate P/T* and ¢/T*. These relations are useful to 
study the quark—gluon plasma equation of state. Finally, all calculation has been done 
at high temperature T ~ 600 MeV. 


211.4 Results 


Our results using effective quark mass with the effect of curvature term at such high 
temperature T ~ 600 MeV are almost same as [4]. It shows that the theoretical model 
with the thermal correction in the effective quark mass including curvature term does 
not alter the results of Gosain et al. [4] very much, in fact the change caused in the 
QGP EoS is negligible as shown in Fig.211.1. Our results are in good agreement 
with our earlier work [4]. Also the EoS prediction by other models are in conformity 
with lattice results. Overall, our model gives a negligibly small improvement so it 
varifies the previous results in QGP EoS. Thus, the result shows useful information 
to study QGP EoS in high energy heavy-ion collisions. 
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Chapter 212 @) 
Performance Metrics of a GPU Based cro 
Track Fitting Code for the INO 

Prototype Stack 


Deepak Samuel, Varun Neelamana, S. Mishra, Anwesha Mahapatra, 
Chandrima Mallick, Lopamudra Nayak, Swetalin Mohapatra 
and M. Pooja 


212.1 Introduction 


The use of GPUs in the field of high energy physics is not uncommon. For example, 
GPUs have been used in particle transport codes, track reconstruction and trigger 
algorithms in experiments like the LHC [1]. We anticipate a variety of scenarios in 
INO where GPUs can be employed to achieve performance gains. Unlike CPU cod- 
ing, GPU coding is not straightforward and requires a stringent watch over parameters 
that might be trivial under a CPU execution. In a first step to explore the function- 
ality of GPU, we developed a code for the track reconstruction for the 1m x 1m 
prototype detector at TIFR. The trigger rate of the stack is about 10 Hz [2] for fully 
contained events. The stack collects about a million cosmic muon events everyday 
from which the detector parameters like efficiency and resolution are estimated. In 
addition other particle physics studies are also undertaken. The data are stored in 
ROOT TTree structures which is not a compatible format for GPU programming. 
GPU functions typically operate and are efficient on data structured as arrays. To 
circumvent this problem and to benchmark only the linear fitting part of the routine, 
we tested the code using a dummy dataset (stored in array) wherein the slope and 
intercept are known. 


212.2 Benchmarking 


Datasets of different sizes (2.5, 5 and 10 lakh events) were generated for both 12 layers 
and 120 layers. Every event is ensured to have a different slope and intercept. The 
entire dataset is flattened into an one dimensional array. A simple linear regression 
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function was written which calculates and returns only the slope and intercept in one 
dimensional arrays. The same function can be used as a GPU function (kernel) by 
switching to the CUDA kernel syntax [3]. The total execution times were computed 
using standard C timer functions for the CPU code and CUDA event timers for GPU 
code. For GPU computations, the array data has to be transferred to and from the 
GPU memory. The effect of this transfer overhead was also studied by placing the 
CUDA timers at appropriate locations in the code. 


212.3 Results and Discussion 


The results showed an expected performance gain parameterized by the speed-up 
factor of 5.5 for 12 layers and 1.5 for 120 layers. The drastic decline in the speed-up 
factor for 120 layers is, however, not clearly understood. A possible reason could be 
the warp size of the GPU. A warp in the CUDA model is a group of 32 threads which 
operate synchronously. Only after a warp execution is complete does the next warp 
start the execution. If one of the threads in the warp is stalled due to a memory access, 
for example, the execution time of a warp gets prolonged. Further, we studied the 
execution times with the data transfer from and to the GPU. The performance gain is 
only marginal for 12 layers (factor 1.5) and much worse than the CPU for 120 layers 
(factor 0.7). This is the impact of memory bandwidth between the GPU and CPU. 
We thus conclude that a performance gain on a GPU cannot be achieved by mere 
porting of the code. Attention is required on aspects such as memory bandwidth and 
thread synchronization without which the CPU might even outperform the GPU. 
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Chapter 213 Mm) 
Probing Wrong-Sign hbb Couplings cro 
inh—- Yr 


Tanmoy Modak, Jorge C. Romao, Rahul Srivastava, Joao P. Silva 
and Soumya Sadhukhan 


213.1 Motivation 


Couplings of the 125 GeV scalar discovered at the LHC should be probed in detail 
to compare it with the SM Higgs. One interesting possibility is the “wrong-sign” 
solution, where the hbb coupling has a sign opposite to that of the SM. Among 
variants of two Higgs doublet model (2HDM) with a softly broken Zz. symmentry 
[1, 2], type II and Flipped can have a “wrong sign” solution. These models have BSM 
scalars H~, A, H, apart from a scalar h, which can be identified to be the 125 GeV 
scalar of LHC. 

A hbb sign change does not alter the SM Higgs total decay width, dominated 
by h — bb rate. To probe wrong-sign effects indirectly through interference effects, 
one-loop contribution to gg — h and h —> yy can be probed. For these cases there 
are uneven competition between bottom and top loops and top and W boson loops 
respectively. So even with wrong sign the values will be close to the SM, and only 
a very precise LHC measurement of order 5% in pp > h — yy will distinguish 
the normal sign from the wrong-sign solutions. In contrast, the rare decay h — Yvy 
consists of two diagrams with almost the same magnitude, suppressing the rate in 
the SM due to an accidental precise cancellation between them [3]. Reversal of the 
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hbb sign will destroy the precise cancellation and this makes h — Yvy decay the 
best channel to probe the wrong-sign solutions. In this proceeding, we show impact 
of h — Yvy channel in probing wrong-sign solution, following our work, [4]. 


213.2 Theoretical Framework 


The direct and indirect diagrams for h — Yvy decay are given in Fig.2 of [4]. The 
direct diagram arises from the direct hbb coupling. The indirect diagram arises from 
the effective hyy coupling with a virtual photon giving an Y. With a CP-conserving 
2HDM scalar potential with a softly broken Z> and the field parametrization used in 
[1, 2], the gauge and Yukawa couplings of the lightest 125 GeV scalar (h) are given 
as, 


fea sae wh [M2242 on: WW, | 


Lyi = *kyhit + kphbb + k,hr*r. (213.1) 


VU 


Here ky = S3,kp = oa and k, = kp (Type Il), k, = ky (Flipped). The SM 
(alignment) limit corresponds to sin (@ — a) = 1 which translates to ky = kp = 
k, = 1. The wrong sign limit is defined as sin (3 + a) = 1 which givesky = 1, kp = 
—1. Only type II and Flipped 2HDMs are experimentally consistent with this wrong 
sign possibility [5—7]. Fig. 1 of [4] shows the parameter space allowing the wrong 


sign solution. 


213.3 Results 


In Fig. 213.1 results are presented where the red/dark-grey points pass all theoretical 
constraints. The blue/black (green/light-grey) points pass those and also “yy (V = 
W, Z), fy, and p,, at 20% (10%). With only the theoretical constraints, a very 
large range of kp gets allowed but it does not improve BR(i — Y~7y) much, as it also 
increases the total width with kp. After adding experimental constraints, only right- 
sign (kp ~ 1) and wrong-sign (kp ~ —1) regions get allowed. This is mostly due to 
Ltyy being very close to the SM values. In contrast to the kp = | case, constructive 
interference in the wrong sign case makes BR(h — Y7) larger by two orders of 
magnitude. 

The possible experimental reach at 13 TeV LHC is presented in Fig. 213.1 (right), 
where we findao x BR value around 0.06 fb. For total integrated luminosity around 
100 fb~!, a measurement is becoming possible. A high-Luminosity LHC, will allow 
for either the detection or complete ruling out of the wrong-sign solution. 
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Fig. 213.1 BR(h > Y7) (left), 0 x BR(h > Yy7) at 13 TeV LHC (right), as a function of kp 
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Chapter 214 

Studying Medium Modification of Jets crest 
Using Jet Evolution with Energy Loss 

(JEWEL) Model 


Subikash Choudhury, Rathijit Biswas, S. K. Prasad, Supriya Das 
and Subhasis Chattopadhyay 


214.1 Introduction 


The jet suppression was one of the first experimental signatures of the formation of 
quark gluon plasma (QGP) in HI collisions at RHIC and LHC [1]. Jets are produced 
from the fragmentation of hard scattered partons at the initial stage of collision. In 
HI collisions, these hard scattered partons propagate through hot and dense expand- 
ing medium, and lose their energy via in-medium interactions. This phenomena is 
referred to as “jet quenching”, leading to suppression of jet yields in HI collisions 
relative to that in pp collisions. 

In this article we present results of the modification of inclusive jet-p7 spectra 
in Pb-Pb collisions at ./sjn = 2.76 and 5.02 TeV from a p-QCD inspired model of 
jet energy loss, JEWEL [2]. The model implements scattering between hard partons 
and constituents of hydrodynamically evolving medium, which leads to collisional 
(elastic) and radiative energy loss. 


214.1.1 Jet Reconstruction 


Jets are reconstructed using anti-kr [3] jet reconstruction algorithm provided by 
the FASTJET package for resolution parameter R (,/|An|? + |Ag|?) = 0.2 in the 
pseudo-rapidity interval —0.5 < n < 0.5. 
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214.2 Results 


The modification of jet yield in HI collisions is quantified by jet nuclear modification 
factor, ee which is defined as ratio of jet py spectra in HI collisions to that in pp, 
scaled by the number of “binary collision” (No) at same ./s. Figure 214.1 (left) 
shows the comparison of Fae in 0-10% central Pb—Pb collisions in JEWEL and 
ALICE-data. JEWEL describes jet suppression reasonably well within the experi- 
mental uncertainties. Further, the centrality dependence of jet yield modification is 
shown in Fig. 214.1 (right) for different jet- 7 intervals. A significant jet suppression 
is observed even in most peripheral (60-80%) collisions for all jet pr bin reaching 
upto 175 GeV/c. Figure 214.2 shows the ./s dependence of Re as obtained from 


JEWEL. hon seems to be independent of ./s at these two energies. 
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Chapter 215 
Hints on Neutrino Mixings from Flavour ay 
Data 


Disha Bhatia 


The flavour observable Rx = BR(B > Kyp)/BR(B — Kee) presently deviates 
from its standard model (SM) prediction by 2.6¢, hinting at lepton flavour univer- 
sality violating new physics (NP) interactions [1]. This anomaly can be addressed by 
introducing a U(1)x symmetry, which gets spontaneously broken by a SM singlet, 
S with X-charge a [2]. Neutrino oscillation data also provides strong evidences for 
massive neutrinos with non trivial PMNS matrix. We therefore augment the SM by 
three right handed neutrinos and generate neutrino masses and mixings in a Type-I 
seesaw framework. Note that with non-universal X-charges for neutrinos, the scalar 
S can also help in generating neutrino masses and could connect the observations in 
the flavour sector to the ones in the neutrino sector. The X-charges are considered 
to be vector-like, which ensures gauge anomaly cancellation in the presence of three 
right handed neutrinos. The charges of leptons are denoted as y,, y,, and y,. The 
Lagrangian describing the mass terms of neutrinos is 


is 1— ja 
LIS = —Dp Mp VR — UR Mrvr- ZURVRUR S+h.c.. (215.1) 


The mass matrix for right handed neutrinos then is 


Vv : 
[M$] = (Melag + Fal Valos #0 if yatyg=0,ta. (215.2) 


Using Type-I seesaw mechanism, the mass matrix for three light neutrinos can be 
expressed in terms of the neutrino oscillation parameters as 


T 4,81 diag 77T 
ny, = —MpyMp, Mp = Upmns mM, Upmns : (215.3) 
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Without any loss of generality, we work in the basis where m p and m, are diagonal. 
Neutrino oscillations can be described in terms of nine physical parameters, i.e., 
mixing angles (017, 013, 023), phases (dp, a, 3) of the PMNS matrix, and the masses 
for the light neutrinos (m1, m2 and m3). Experimental measurements exist for: Am}, . 
Am}, , 912, 623 and 6;3. Therefore, we have four independent observables, which we 
choose to be miignt, dcp, @ and 3. These will help us determine the allowed U(1)x 
symmetry combinations. 

The X-charges may result in texture-zeros in the M? mass matrix if the condi- 
tion on X-charges in (215.2) is not satisfied. These textures further result in either 
zero-textures or vanishing minors in the m,, mass matrix, which can be translated as 
conditions on the physical parameters using (215.3). With four independent parame- 
ters, we are allowed to have four such conditions, implying a maximum of two-zero 
textures in the complex symmetric M mass matrix. 

The allowed textures and vanishing minor conditions for m,, have been exten- 
sively studied [3, 4]. Implications for allowed textures in M : matrix can be inferred 
using (215.3) and have been studied in [5, 6]. We use the results for the allowed tex- 
tures [5, 6] in M : mass matrix and determine the plausible symmetry combinations 
by solving (215.1). Our solutions of two-zero textures match with the ones obtained 
in [6]. The symmetry combinations determined are listed in a table below, 


Textures (M ») Symmetries Textures/Minors (m,, ) 


2 texture zeros @ 2 vanishing minors 


2 Ly Lr 2 vanishing minors 
1 Le, Ly, Le — 3Ly, + Lr, 3Le — Ly, — L;|1 vanishing minor 
0 Le-Ly=lr ae 


We now determine the NP contributions required to explain the Rx anomaly. 
The X-charges of electron and muon should be necessarily different from each 
other for lepton flavour non-universality. The dominant Z’ contributions to the 
b — sé operator requires a tree level bsZ' vertex, which can be achieved with 
non-universality appearing in the third generation of quarks. The elaborate details 
about the model construction may be found in [2]. Following global fit results per- 
formed on the b > s€@ and b > sy data [7-9], NP contributions are introduced 


only to the operator Oo = (Sry"b_) (ey,£) with Wilson coefficient of electron and 


muon related as Cj"""/C>” = y./y,,. The symmetry combinations viz. L,, — L;, 


L,, Le -—3L,4L,, Le +3L,—L;, Le —L,+3L,, and L, — L, + L, passes 
through the lo contour of the global fits as shown in the left panel of the Fig. 215.1 
are hence selected [2]. 

The selected symmetry combinations can now be analyzed to predict the allowed 
regions for the four free parameters. As an example, we consider one-zero texture 
combinations, L,, and L, — 3L,, + L,, both of which yields a zero texture at [M P00 
and hence result in same predictions. We show predictions for the inverted ordering 
in the right panel of Fig. 215.1. It is interesting to note that for higher values of might, 
a and az are severely constrained and have values around 7/2 [2]. 
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Fig. 215.1 In the left panel, predictions for the symmetry combinations are plotted (with 7 charge 
suppressed) in the (c BG Pil 1G, o as plane along with the lo contour obtained from global fits [7-9]. 


In the right panel, the predictions for a1, a2 and dcp for symmetries L,,/Le — 3L, + L; are plotted 
for inverted ordering. The points marked in yellow (red) correspond to (2a1, 202) plane for miignt = 
0.05(0.2) eV, while points in blue (green) correspond to (2a, dcp) plane for myign, = 0.05(0.2) eV 


Our symmetry combinations account for both Rx and neutrino mixings. They 
also satisfy bounds from neutral meson mixings (K—K, By—Ba, B;—B;) and direct 
Z’ searches at the colliders, for substantial parameter space [2]. The Z’ can also be 
probed at 13 TeV LHC run in the di-muon channel with few fo~! of Luminosity [2]. 
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Chapter 216 ®) 
Strong Decays and Coupling Constants cro 
of 1P and 1D Bottom Meson 


Pallavi Gupta and A. Upadhyay 


Heavy light mesons made from one heavy quark and one light quark are similar to 
hydrogen atom of hadronic physics and are ideally studied to understand the strong 
interactions. But, the present experimental status for bottom mesons is not well known 
as that of charm meson. Recently, CDF collaboration has announced a state B(5970) 
with M = 5978 +5 + 12 MeV and decay width Tr = 70 + 30 MeV [1]. Considering 
this limitation, we studied the Okubo-Zeing-lizuka (OZID) allowed two body strong 
decays of n = 1 P and D wave bottom mesons. In this work, we choose the effective 
Lagrangian approach to study the strong interactions of 1P and 1D bottom states 
with the light pseudoscalar mesons. pe a aad light meson as Q@q, the total 


angular momentum is expressedas J = jj + 5, where z= = s; + li.e. sum of spin 
and orbital angular momentum of light degree of freedom. Consequently, the doublet 
for 1 = 0 (S-wave) is represented by Js P=," I), which for L = | (P-wave), 
there are two doublets represented by (ot, 1) 4 and (it, 2*)a respectively. Two 
doublets of L= 2 (D-wave) are represented by (17, 27)s and (2-,37 )s respec- 
tively. These doublets are described by the effective super-field Ay,-Sas T. Xa, Va 
respectively [2, 4]. At the leading order of the heavy quark mass, we can write out 
the Lagrangian of decay process A H+M, where A = S,T,X,Y and M denotes 
the light pseudoscalar meson. And with the help of lagrangian, decay width for- 


mulas are derived which contains strong coupling constants like gs;, 9:n, Grn and 
Oyh- We define four ratios: Re BR(B(B,)— B*(BS)r) ea — BR(B(Bs)—> B(Bs)n) 


— “BR(B(B,)— B(By)m) ” “~ BR(B(B;)— B,(B)K)? 
*B(B;) __ BR(B(By)—> B*(B*)n) B(B;) __ BR(B(B,)> Be (B* a 
R; = Sraos mney & and R; = RBG) BK * With the above fields 


and lagrangian, we calculated the partial decay widths and the Ratios R;(i = 
., 4) for the 1P and 1D bottom meson family which are listed in Tables 216.1 
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and 216.2. We take the predicted masses from the [3-5] as input, for the missing 
experimental information. 


216.1 Conclusion 


Using the theoretical couplings g., = 0.56, g:, = 0.43 [4], gxn = 0.19 and gy, = 
0.53 [2], total decay widths for the states is shown in the Tables 216.1 and 216.2. 
Table 216.1 show that Bj is a board state and B, is narrow with total decay width 
of 271.53 and 6.67 MeV respectively. Decay width for B¥ comes out to be 56 MeV 
which is comparable with the experimentally measured 55 MeV width of B(5970), 
thus confirming its J” state to be 3. 
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Chapter 217 @) 
Design and Development of Gas Leakage sv 
Station for Gas Electron Multiplier 

(GEM) Chamber 


Rizwan Ahmad, Aashaq Shah, Ashok Kumar, Md. Naimuddin, 
Mohit Gola and Shivali Malhotra 


217.1 Introduction 


A gas electron multiplier (GEM) is a type of gaseous ionization detector used in 
nuclear and particle physics [1]. It includes a thin, metal clad polymer foil, perforated 
with a high density of holes. Under application of a suitable potential difference 
between the two sides a high field is built up in the holes. When an ionising particle 
traverses the detector it releases electronion pairs by ionisation. Electrons produced 
in the gap between the drift cathode and GEM drift into the holes where they are 
multiplied by the high electrical field, and transferred into the gap between GEM 
and the readout board. The collection of the electrons induces a detectable current 
on the pick-up electrodes. 


217.2 Hardware and Software Description 


We used different types of pneumatic and electronic components such as flow meters, 
gauge pressure sensor, atmospheric pressure sensor, temperature sensor, digital dis- 
play and arduino board etc. Flow meters, variable area flow meters for measuring 
the flow rate of gases are used to display input and output flow rate of the gas sup- 
plied in to the GEM chamber. A gauge pressure sensor which is a piezoelectric 
type sensor, provides constant current output for given gauge pressure used to mea- 
sure pressure drop in the GEM chamber corresponding gauge pressure. Also we 
incorporated atmospheric pressure and temperature sensor which are piezoresistive, 
monolithic,signal conditioned silicon sensors for the local temperature and atmo- 
spheric pressure change in the environment. To display the readings of these sensors 
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separately we used four digit seven segment digital displays. Above maintained com- 
ponents except flow meters are configured with Arduino Mega 2560 board which 
is an open source physical computing platform based on a simple I/O board having 
several analog and digital pins to input and output pins as per requirements used to 
data logging and real time plotting using excel coding and interfaced through PC. 


217.3 Methodology 


217.3.1 Inherent Leak Test and Calibration 


The inherent leakage of pneumatics components and full setup without GEM cham- 
ber is measured using U-tube manometer (water) in which height (cm) of the limbs 
of manometer is adjusted in turn, working with different pressure values (with time) 
to check leak in the components and setup itself and then calibrated. 


217.3.2 Testing Results 


All the equipments used in gas leak setup are leak tight (under the acceptance thresh- 
old) along with full setup without GEM chamber. Initially we set 25mbar pressure 
in the setup and then the leak rate is calculated after one hour and found to be 
Smbar/hr. The reason could be the ambient pressure and temperature changes, drift 
in the pressure transducer and some leakage in the detector itself (Fig.217.1). 
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Fig. 217.1 Test result a Complete setup b Pressure versus time graph 
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217.4 Conclusion 


We have designed and developed the setup successfully and the setup is working 
properly for testing gas leak in GE1/1-V chamber. We measured the leakage and 
ploted the graph between pressure versus time for GE1/1- chamber. It can be used 
with any gaseous detector to check leakage too. An actual leak in the GEM chamber 
is highly impossible. 
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Chapter 218 ®) 
Design and Fabrication of a Controlled creek 
Water Based Cooling System for CBM 

Muon Chamber 


D. Nag, S. Biswas, S. Chattopadhyay, S. Das, A. K. Dubey, 
C. Ghosh, A. Kumar, S. K. Prasad and J. Saini 


218.1 Introduction 


In CBM MUCH, Front End Boards [1, 2] are sensitive to temperature and can only 
operate reliably within the reliable temperature range [3] Since these FEB’s are 
connected using wire-bonding technique, traditional air cooling is not an option,as 
vibrations resulting form air cooling might loosen the bonds. So water cooling is 
the preferable option. The preferable temperature range should be kept between 
25-—30°C. Thus an automated controller is needed. 


218.2 Mechanical Design and Working Flow-Chart 


A copper tube of diameter 5mm was welded on a 2mm thick copper plate. Seven 
heating elements (coil resistors of 4W each) were welded on the copper plate to 
simulate heat load. The temperature sensor was also fixed on this plate. In real 
experiment the setup is to be replaced by real-sized Aluminium plates. Also the 
heating elements will be replaced using original FEB’s. A real-sized prototype is 
also built and tested recently in the lab and the Test Beam facility at CERN SPS H4 
beam line. 

Two different hardware approaches were followed to build the Al cooling plates. 
In first design, A 10mm thick Al plate was taken, and 5mm x 7mm “T’ shaped 
grooves were made on the plate. Then the top of the groove was sealed with 5mm 
x 2mm strips of Al, resulting in a 5mm x 5mm water channel inside the plate. 
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Appropriate connectors were fitted at both ends of the channel. The groove layout 
was chosen such that the water flow covers the maximum area, specially close to the 
FEB’s. The Advantage of this design was that, maximum area of contact between 
the plate and water is available for heat transfer. 

In second design, two identical Al plates having thickness of 5mm each were 
taken, and grooves in mirror image were made on both. An Al pipe was press- 
fitted inside the groove and then the two plates were welded. This approach had an 
advantage of water-leak protection by it’s design. 

A water chiller was used as the heatsink. Cold water was circulated through the 
plate and poured back into the chiller using a submersible pump. 


218.3 Automated Control System 


The control system has been devised with a microcontroller running a negative feed- 
back PID algorithm, taking the temperature value as the input and generating the 
PWM (Pulse Width Modulated) value to drive the motor as an output. The sub- 
mersible pump was driven using this PWM pulse via a Power Transistor. Provision 
for setting various different set-points were kept. The instantaneous temperature was 
monitored through a computer. 


218.4 Results 


At first the heating elements were turned on and then the cooling system was turned 
on. Several different temperatures were set as the required “set-point” and the result- 
ing temperature was recorded with time. Figures 218.1 and 218.2 shows water flow 


Set temp 25.5°C 
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Temperature °C 
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Fig. 218.1 Temp versus time, setpoint = 25°C 
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Set temp 30.0°C 


Flow rate (mi/sec) 
Temperature °C 
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Fig. 218.2 Temp versus time, setpoint = 30°C 


rate (red marker) and plate temperature (blue marker) as a function of time while 
cooling is ON for set-points respectively 25.5 and 30.0°C. The plots show a variation 
of +0.5°C around the set-point, which is within the permissible limits. 


218.5 Outlook 


1. The real size prototype is to be tested in detail. 
2. Mechanism for water leakage detection is to be found out and implicated. 
3. The controller must be scaled up to fulfil the real experimental requirements. 
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Chapter 219 Mm) 
Development and Simulation of Silicon creek 
PAD 


Preeti Dhankher, Manoj Jadhav and Raghava Varma 


219.1 Introduction 


Silicon detector is a large surface diode with guard rings. The steps below briefly 
describes the techniques we have used in silicon detector fabrication [1]. 


1. Thermal Oxidation: The silicon wafer is first cleaned using RCA process and 
then oxidised by heating the wafer in oxygen environment at a temperature of 
~1000°C. 

2. Photolithography: We used photolithography to transfer the pattern(designed by 
software) from photomask to silicon wafer. Pattering of SiO2 was done using 
double sided mask aligner. 

. Doping: Ion implantation technique was used to create the p-n junction. 

4. Metallisation: Metallisation was done with Aluminium to create contacts and then 

patterning of Al was done using photolithography. 


io) 


219.2 Simulation Results 


In this section we present the results of TCAD simulation. Figure219.la shows 
schematic view of the detector simulated in SILVACO. We first carried out the sim- 
ulation of detector developed at IIT Bombay as shown in Fig.219.1b, where b = 
200 zm, c = 80pm, d = 45 um. Figure219.1c shows the doping profile and poten- 
tial distribution of the detector simulated. Figure219.1b shows the distribution of 
electric field which is very high at the edge of junction. However, it should be uni- 
formly distributed over the guard rings. 


P. Dhankher (BX) - M. Jadhav - R. Varma 
Indian Institute of Technology Bombay, Mumbai, India 
e-mail: preeti.dhankher @iitb.ac.in 


© Springer International Publishing AG, part of Springer Nature 2018 897 
Md. Naimuddin (ed.), XX/ DAE High Energy Physics Symposium, Springer 
Proceedings in Physics 203, https://doi.org/10.1007/978-3-3 19-73171-1_219 


P. Dhankher et al. 


898 
(a) Top view XZ 
Enlarged view 
” 
c 
2 
2 
= 
C) 1000 2000 3000 4000 5006 
Microns 
(b) 
(c) . 
4 — Simulation of half Si Pad with TCAD 
0 
2 2 
2 2 
oS o 
= = 


1100 1200 1300 1400 1500 1600 1700 1800 1900 2000 


800 «1000 «1200s 1400 1600 )=:1800 )=—- 2000 
Microns 


Microns 


Fig. 219.1 a Schematic view of the detector geometry as simulated in SILVACO, b lcm x Icm 
Silicon pad developed at IIT Bombay. ¢ Doping, Potential and d Electric field distribution 


219 Development and Simulation of Silicon PAD 899 


Electric Field spikes at edge 


Electr feld was not dutrbued 
over number of guard rings 


Electric Field (Vem) 
> 
+> 
& 


© 200 400 600 800 1000 1200 1400 1600 1800 2000 1480 1490 1500 1510 1520 
Microns Microns 


Fig. 219.1 (continued) 
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Fig. 219.2 a I-V characteristics of silicon pad detectors with decreasing pitch. and b Electric field 
distribution across the surface at the active-edge to the p+ implantation 


To understand the effect of guard rings, we simulated three more geometries. For 
simplicity, we kept b = d, c = 80pm and performed simulations for b = 201m, 
30m and 40m and found out that, for 20j.m the electric field distribution is 
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Fig. 219.2 (continued) 


uniform shown in Fig. 219.2b and break down voltage is also high which can be seen 
in I-V characteristic of detector simulated shown in Fig.219.2a. But practically, it 
would be difficult to fabricate 20 1m pitch detector. 
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Chapter 220 ®) 
Photon-Scalar Oscillation in Magnetized a 
Plasma 


Manoj K. Jaiswal and Avijit K. Ganguly 


220.1 Introduction 


Scalar and pseudoscalar particles are possible candidates of dark matter. The scalar 
particle arises out of scale symmetry breaking through quantum effects while the 
pseudoscalar particle as axion arises due to breaking of U(1)pg symmetry. Their 
interacting Lagrangian of scalar and pseudoscalar with photons (7) are given by, 


59h OE Fy for scalar ¢, 


Ly = : 
Gad F “ F., for Pseudoscalar a, axion. 


(220.1) 


In (220.1), Gyy¢/a are the scalar (axion) photon coupling constants. These interactions, 
in external magnetic field B makes: the vacuum (i) optically active and dichroic for the 
photons [1, 2], (ii) possibility of superluminal velocities for photons, in a background 
magnetic field B, in some energy interval [3] and (iii) finite oscillation probability 
between scalar photon (P(4_,y) (w, z)) or pseudoscalar photon (Pia. +) (w, Z)), states. 

Here we have studied the photon-scalar/pseudoscalar oscillation dynamics taking 
the magnetized photon self energy tensor, /7,,,(eB, T, 4), into account. Inclusion of 
this term changes the mixing dynamics. The mixing matrix (MM) in case of scalar- 
photon (@y) system, dF” F,,, turns out to be 3 x 3 and the same for axion-photon 
system arr F,,, turns out to be 4 x 4, [4, 5]. 

For high energy (w) photons, w >> w,, the MM for the second system, reduces 
effectively toa3 x 3 one. However the role of the two transverse degrees of freedom 
gets interchanged (vis-a-vis, gy). We have carried out the analysis for gy, system and 
on that basis drawn some relevant conclusions, for ay system. The mixing dynamics 
under consideration follows from the solutions of, 
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2 
2 : we Bi 


Ww, ly Ib Bw Aj (k) 
I] je 2 ; A.(k) |=0. (220.2) 
wimg P 
iggyyBiw 0 m:, (k) 


Here I is 3 x 3 identity matrix. B cos @ = B, and Bsin@ = B,. The angle 6 here 
corresponds to the angle between the photon propagation vector k and the magnetic 
field B (of O(1.0 WG), as considered here). 


The Oscillation Probabilities: The oscillation probability, for ¢ to yj and @ to y, in 
the limit mg = wp), upon traveling a distance z, follows from (220.2). The respective 
probabilities are: 


GyygBiz sin?(B). FygBiz  F? — sin2(p) 


Pos 
i i ee Mes ae 
(220.3) 


P. ey 


In (220.3), the undefined variables are, G = vee, F= areca and G= 
—9Jdy7B sin @w. Rest of the symbols have their usual significance. Using these prob- 
abilities, along with the gamma-ray data of supernova 1987A, one can estimate the 


coupling constants 9,4 OF ga from the relation, 


P(Py45 + Py,.4)dt < 0.6cm™~”, (220.4) 


following, [6, 7]. Where, df is the time duration of axion emission and @ is the flux 
of axions, produced in the core of the supernova (SN), during the event. It depends on 
the distance between SN and earth D, radius of the SN core R;, SN core temperature 
T and the proton no. density np, there in. The axion flux @, is very sensitive to the 
core temperature. 

These limits are extracted from the non-observation of gamma rays signals— in 
the 25-100 MeV energy band — by the Gamma-Ray Spectrometer, on board of the 
Solar Maxima Mission satellite, that was operational during the event of SN1987A. 


Conclusion: Considering the core temperature, T = 96MeV n, =2.8 x 
10°8 cm~? we have estimated the bound on the magnitude of the coupling constant 
Jyyo- The same turns out to be gy < 1.18 x 107'' GeV~!. This is a conservative 
bound, that is closer to the one reported in [6]. 
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Chapter 221 ®) 
Search for Heavy Neutral Higgs in crest 
Di-Boson Final State at ./s = 13 TeV 


Aashagq Shah, Ashok Kumar and Mario Pelliccioni 


221.1 Introduction 


A new boson with a mass of about 125 GeV was reported in 2012 by the ATLAS [1] 
and CMS [2, 3] collaborations at the CERN LHC which is consistent with the Higgs 
boson of the standard model (SM) of electroweak (EW) interactions. However, such 
a particle can be realised in several Beyond Standard Model (BSM) scenarios such 
as two-Higgs doublet model (2HDM) which predict the existence of an additional 
resonance at high mass with couplings similar to those of the SM Higgs boson. In 
this paper, we cover the search results for heavy neutral resonance decaying to WW 
and ZZ with fully final leptonic states using CMS. 


221.2 Data and Simulated Samples 


We cover the details of H + ZZ — 4€ (€ =e, yw). Details forH ~ WW => 2£2v 
can be found in [4]. The data samples used for the analysis were recorded in proton- 
proton collisions at 13 TeV corresponding to total integrated luminosity of 12.9 fb!. 
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The signal samples were generated for the gluon-gluon fusion (ggH) and vector 
boson fusion (VBF) production modes at next-to-leading order (NLO) in QCD using 
POWHEG v2? for different masses. 


221.3 Event Selection and Background Estimation 


Each event is required to have four isolated leptons grouped into 2e2j, 4e and 
4, final states and to separate gluon fusion and VBF production, a matrix-element 
based discriminant has been used. The main processes producing the backgrounds are 
Z + jets, tt + jets, Zy + jets, WW + jets and WZ + jets and are denoted as Z + X 
since they are dominated by the Z + jets process. The background is estimated using 
two independent control regions in data by requiring the presence of two leptons 
which satisfy the tight” identification criteria, plus two additional opposite-sign (OS) 
or same-sign (SS) leptons satisfying relaxed (“loose”) identification requirements. 
The category of events composed with two leptons which pass (P) the lepton tight 
identification requirements and two leptons which pass the loose identification but 
fail (F) the tight identification are denoted as the 2P2F region. Backgrounds which 
intrinsically have only two prompt leptons, such as Z + jets and ft are estimated by 
this control region [5]. 


221.4 Results 


The observed p-value and the 95 percent CL upper exclusion limit are calculated for 
every generated mass point from 130GeV up to 2.5 TeV for different signal width 
hypothesis. The expected and observed exclusion limits on the sum of ggH and VBF 
cross sections times branching fraction is shown in Fig. 221.1. 


221.5 Conclusion 


A search for a heavy Higgs boson in the X — WW —> 2€2v and X — ZZ —> 4€ 
decay channels has been carried out in various jet categories in order to maximize 
the exclusion limits using 2015 and 2016 data samples recorded at ./s= 13TeV 
corresponding to total integrated luminosity of 12.9 fb~! of proton-proton collisions 
by the CMS. The exclusion limits on the cross section times branching ratio have been 
reported and no significant excess with respect to the SM background expectation 
has been observed. 
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Fig. 221.1 a Distribution of reconstructed invariant mass m4; b Combination of the OS and SS 
method predictions for the background in the signal region and the parametrized ma; shape. ¢c 
Observed and expected upper limits at the 95% CL on the X — ZZ — 4¢€ cross section as a 
function of resonance mass at several Iy values [5] 
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Chapter 222 ®) 
Transverse Single Spin Asymmetry crest 
in J/w Production at ./s = 200 GeV 


Bipin Sonawane, Rohini Godbole, Abhiram Kaushik, 
Anuradha Misra and Vaibhav Rawoot 


222.1 Introduction and Formalism 


Sivers function describes the momentum distribution of unpolarised partons inside 
transversely polarised hadron [1]. In the past, there have been many attempts to extract 
quark Sivers functions from experimental data. Recently, a phenomenological study 
to estimate gluon Sivers function (GSF) was peformed in [2] by fitting GSF to data 
on asymmetry in the process p + p’ > m° + X taken by PHENIX collaboration at 
RHIC [3]. 

TSSA in the process p + pt) + J/w + X is defined as- 


do’ —do* 


dot + dot 


In Color Evaporation modal (CEM) of charmonium production, the numerator of 
TSSA is 
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Fy : 
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Pte, +k py — qrags (M7) (222.1) 
and the denominator is 


d‘ot d4a% 
dydM2d2qr | dydM?2d2q7 


2F. 
= ae feb cd bx fypt (as La) fe/p6- Lp) 
88> CC 442) 
(222.2) 


P(kigtki,— a7 )35 


Fj /y, is the fraction which gives the probability of J/y production below DD 
threshold. 
We use the following Sivers function parameterization [2, 4] 


—k1/ (ki) 


A™ fejpt (x, k13 Q) = 244 (x) fesp(%, Q)h(k1)— 3 — (222.3) 
m(k{) 


_ pt Bre 


Ny(x) = Ngx*(1 a BB 


(222.4) 


where, a = qg,g or g, h(k,) = V2efKe -Ki/M? and Na, a, B and M, are parameters 
determined by fits to data. e is Euler’ s number, SIDIS -1 and SIDIS -2 parameteri- 
zations of GSF use the best fit parameters of [2] while BV-a and BV-b refer to the 
models of GSF proposed by Boer and Vogelsang [5]: 
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Fig. 222.1 Comparision of predictions of asymmetry in p! + p > J/+X using BV-a and 
BV-b parametrization with those obtain using SIDIS-1 and SIDIS-2 at ./s = 200GeV. gr and y 
integration ranges are 0< qr < 1.4GeV and —3.8 < y < 3.8 respectively. Left panel and right 
panel are plots of gr and y distribution of asymmetry respectively [6]. 
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Fig. 222.2, Comparision of asymmetry with DGLAP and TMD evolution at ./s = 200 GeV. Right 


panel is comparision of asymmetry using SIDIS-1 and SIDIS-2 parameters with PHENIX data. 
Region of gr integrations are 0 < gr < 1.4GeV and. Asymmetry is in backward (—2.2 < y < 
—1.2), mid(—0.35 < y < 0.35) and forward (1.2 < y < 2.2) rapidity regions [6]. 


BV-a: We(x) = (M(x) + Na(x))/2 and BV-b: N(x) = N(x). 
For making predictions with DGLAP evolved densities, we use the set of parameters 
given in [4] and for TMD evolved densities, we use parameter set given in [6]. 


222.2 Results 


Summary: Here,we have presented estimates of TSSA in J/y production at ./s = 
200 GeV (Figs. 222.1 and 222.2). Asymmetries are found to be consistent with almost 
zero result of PHENIX experiment. Magnitude of asymmetry is found to be reduced 
when the effect of TMD evolution is taken into account. 
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Chapter 223 M®) 
Some Studies Using Capillary for Flow cro 
Control in a Closed Loop Gas 

Recirculation System 


S. D. Kalmani, Surya Mondal, R. R. Shinde and P. V. Hunagund 


223.1 Introduction 


In the initial design of the CLS, as shown in Fig. 223.1, a high pressure to low pressure 
(HPLP) diaphragm based device was used to regulate, the high pressure (100 Kpa) 
from the storage tank to low pressure (200 pa) feeding to the RPCs. Due to the 
continuous atmospheric pressure variation cycle and the set flow rate (6 SCCM) in 
glass RPCs, it is necessary for the pressure controller to adjust pressure so as not 
to exceed the safe operating differential pressure of 3 mbar. However the HPLP 
regulator was found not responding as quickly as required to compensate pressure 
changes. Therefore, an external pressure sensor in the room was used to correct the 
pressure inside the CLS was implemented. A detailed study on the use of the capillary 
that could be used in lieu of the HPLP is described below. 

The experimental setup, as shown in Fig. 223.2, consists of two MFCs (Mass Flow 
Controllers) and differential pressure sensors ASHCOFT XLdp. A microcontroller 
ARDUINO board is programmed to read data of the pressure difference across the 
capillary at a rate of 60 Hz. Two available MFCs are modified such that, one for con- 
trolling the flow and the other for reading the flow are used, and these are calibrated. 
The full scale range of the MFCs is 45 SCCM which is in the range of interest. 
Using Poiseuille’s law is designed for the capillary length of 2.5m of diameter of 
300 microns. This tube is wound on a bobbin for safe interconnections and handling. 

The studies are performed using gasses C2 Ho F4 (R 134a), iC4Ho (Isobutane) 
and S$ F¢ (Sulphur hexafluoride) used in the glass RPCs. 
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Fig. 223.1 Block Diagram of CLS 


DC Power 
Supply 


+12 V 


ASHCROFT RCV 420 
Differential 


I tov 
pressure Converter 
Transmitter 


IsM5852-01: 


Gas 
Regulator 


Contro. 


ON/OFF 


Valve 


PC ABDUTNO ADS1115 
Control. Microcontroller 16 Bit ADC 


Gas Cylinder 


Fig. 223.2 The Experimental setup 
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223.2 Results and Conclusions 


1. The flow resistance dependence on the type of the gas that flows through it, higher 
the viscosity, higher pressure is required to obtain a given rate. The SF gas has 
the higher viscosity and the lowest is the R134a Fig. 223.3. 

2. The capillary is functioning as expected. But is bulky and hence needed to be 
engineered for compactness. 

3. Hagen poiseuille law holds good for the capillary designed, the flow can be 
considered to be laminar in the region of interest and can be used for flow rate 
upto 25 SCCM. 
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Chapter 224 ®) 
Constraints on Electromagnetic cro 
Properties of Neutrinos with Sub-keV 
Germanium Detectors 


Lakhwinder Singh and H. T. Wong 


224.1 Introduction 


The neutrino oscillation experiments with various sources suggested the existence 
of nonzero masses and mixing between different neutrino states. Their nonzero mass 
has triggered intensive studies of nontrivial electromagnetic properties in both the- 
oretical and experimental framework. The study of electromagnetic characteristics 
of neutrino may shed light on Dirac or Majorana nature and also as probe of new 
physics that might exist beyond the Standard Model(SM). 

The research program of the TEXONO Collaboration [1] on neutrino electro- 
magnetic properties,  N coherent scattering and beyond the SM is pursuing at the 
Kuo-Sheng Neutrino Laboratory (KSNL). A detailed description of the KSNL facil- 
ities can be found in [1]. In order to achieve a 100eV threshold, we have studied 
operational characteristics and performance of several Ge detectors with different 
configurations under ultra-low background environment [2]. 


224.2 Electromagnetic Properties of Neutrino 


The anomalous magnetic moment (ju,) automatically emerges from quantum correc- 
tion when right-handed neutrinos include into SM. The value of ju, is proportional to 
the neutrino mass as required by the symmetry. The origin of neutrino millicharged 
(qv) is related to electric charge quantization which is one of the profound mystery 
of nature. The anomaly cancellation constraints provide the electric charge quanti- 
zation within SM. However, it is no longer ensured in many extensions of SM. Both 
[ty and q, contributions are enhanced in sub-keV energy region due to (1/7) and 
(1/T*)-dependence, respectively, and illustrated in Fig. 224.la. A typical measured 
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Fig. 224.1 The observable spectra due to neutrino interactions on Ge target with reactor V, at 
oy, = 10!3 cm~2s7!, with current experimental bound on neutrino magnetic moment, neutrino 
millicharge, together with the SM v, — e and coherent scattering v. — N. b Typical spectra from 
point-contact Ge detectors at the KSNL [3] 


energy spectra is shown in Fig. 224.1b with several identified K-L shell captured X- 
ray lines. The analysis threshold down to 300 eV is achieved with PCGe as depicted 
in Fig. 224.1b. It is observed that g, contribution has enhancement in cross-section 
when atomic effects are calculated with ab-initio Many-Body Theory. To include 
the atomic effect in the analysis, we adopted the ab-initio Multi-Configuration Rel- 
ativistic Random-Phase Approximation theory [4]. The upper limits of g, < 2.1 x 
10-" and pi, < 2.6 x 107!°y1g are derived using PCGe 124.2(70.3) kg-days of ON 
(OFF) data at 90% C.L. The upper bounds on q, and j,, are limited due to low statis- 
tics and high background in sub-keV region. Our best experimental upper bound 
Ly < 7.4 x 107!" wp at 90% CL is derived from 570.7(127.8) kg-days of ON (OFF) 
with 12keV threshold data. The transition magnetic moment (ju,,,) of a sterile neu- 
trino can rise from its conversion to an active neutrino through radiative decay. At 
sterile neutrino mass mq = 7.1 keV, the upper limit of ju,,, < 2.5 x 1074jug at 90% 
C.L. is derived [5]. The background in sub-keV region is not fully explained with 
conventional background modeling. Therefore, intensive studies on understanding of 
background by simulation, background measurements and new analysis techniques 
are still in progress. 
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Chapter 225 @) 


Dark Matter, Neutrino Mass and Muon car fs 
(g — 2) ina U(1);,, — L; Model 


Anirban Biswas, Sandhya Choubey and Sarif Khan 


In SM, neutrinos are massless because of the absence of right handed (RH) counter- 
part of the left handed (LH) neutrinos. This is in direct contradiction with the neutrino 
oscillation data which indicates the existence of tiny neutrino masses. Although, 
U(1)z,-x, extension is anomaly free, in order to generate tiny neutrino masses via 
Type-I seesaw mechanism we have introduced three RH neutrinos and the present 
scenario satisfy the neutrino oscillation parameters in 30 range. The Yukawa inter- 
actions in generating the neutrino masses are as follows, 


1 = - + 
fe es 5 (Mr)ij NEN; — » Mo) Liga +h.c. (225.1) 


where Mp is the Dirac mass matrix and Mp is the Majorana mass matrix (see [1] 
for detailed discussion). Another well established puzzle is the existence of DM and 
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SM does not contain any candidate which can serve as the DM candidate. Since the 
gauge extension is local hence an additional gauge boson Z,,, appeared. Here in this 
work we have extended the scalar sector by two additional singlet scalars ¢y (takes 
VEV and generated Majorana masses for the RH neutrinos and additional gauge 
boson Z,,,) and @pm (serve as the DM candidate). The interaction terms of DM with 
the SM like Higgs and other BSM scalar are as follows, 


Lou © —Apalb you) (Gh bn) — ADH (Oh yGom) (Oy bn) — Ann (G) on) (OL on). 
(225.2) 


where ¢, is SM like Higgs doublet which mixes with ¢y through the term 
Xh uo} on) (by ou). The extra gauge boson Z,,; has a significant contribution to 
muon (g — 2) anomaly by an additional one loop diagram which is given by, 


2 1 2 
Gur 2x(1 = x) 
Aa, (Zyr) = d ‘ 229.3 

4u(Zyr) a “Gd — x)? 4+rx ( ) 


As shown in (225.3), the additional contribution to muon (g — 2) anomaly for Mz. = 
100 MeV and g,, =9 x 10-4 is Aa,, = 22.6 x 10~'°, which lies within the 20 
range. Next, we have calculated the neutrino oscillation parameters which satisfy the 
experimental data in 3c range. In the left panel (LP) of Fig.225.1, we have shown 
the variation of Dirac CP phase dcp with the atmospheric angle 023. Here we observe 
that for the present model dcp is very small while the values of 23 lie in the both 
octant. On the other hand, in the right panel we have shown the variation of M,, ([{1, 
1] element Mp matrix) with V,,, ([1, 2] element of Mp matrix) and one can see that 
the correlation exists between the two parameter (more detail plots are given in [1]). 
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Fig. 225.1 Left panel: Variation of Dirac CP phase dcp with mixing angle 623. Right panel: 
Variation of Mee with Vey, 
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Fig. 225.2 Left (Right) panel: Variation of DM relic density with the mixing angle a for three 
different values of App (ApH) 


In LP and RP of Fig. 225.2, we have shown the variation of DM relic density 
with the mixing angle a between the two Higgses. In the left panel, we have shown 
the variation of 2pyh? for three different values of \ pj, (quartic coupling between 
DM @¢pwm and SM like Higgs ¢;,) while in the right panel, three different values of 
Apu are used (quartic coupling between ¢py and extra Higgs oy, for details see 
[1]). Magenta dot line in both the figures represents the central value of DM relic 
density measured by Planck satelite [2]. For the present model, we can also explain 
the Fermi-LAT [3] Galactic centre y-ray excess by considering DM annihilation to 
bb final state at the Galactic centre. The produced b quarks therefore hadronise to 
produce 7y-rays. We have done the calculation of y-ray flux in detail in [1]. 
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Chapter 226 a 
Measurement of the Double-Differential sre 
Inclusive Jet Cross Section in 

Proton—Proton Collisions at 13 TeV 
Centre-of-Mass Energy with the 

Compact Muon Solenoid Detector 


Sourav Dey 


226.1 Introduction 


A measurement of the double-differential inclusive jet cross section by CMS Col- 
laborations [2] is presented as a function of the jet transverse momentum pz and 
absolute jet rapidity |y|. A detailed description of the analysis is provided in [1]. 
Proton-proton collision data were recorded at a centre-of-mass energy of 13 TeV in 
2015 with integrated luminosities of 71 and 44 pb™! for rapidity range |y| < 3 and 
3.2< |y| <4.7, respectively. 


226.2 Event Selection, Jet Reconstruction 
and Measurement of the Double-Differential 
Inclusive Jet Cross Section 


The double-differential inclusive jet cross section is defined as: 


@o 1 N, 
dprdy «£L Apr Ay 


(226.1) 


where L is the integrated luminosity, N; is the number of jets in a bin of a width 
Pr in transverse momentum and y in rapidity, and ¢€ is the product of the trigger and 
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Fig. 226.1 Double-differential inclusive jet cross section as function of jet pr [1]. On the left, 
data (points) and predictions from NLOJet+-+ based on the CT14 PDF set corrected for the non- 
perturbative and electroweak effects (line) are shown. On the right, data (points) and predictions 


from Powheg (PH) + Pythia8 (P8) with tune CUETM 1 (line) are shown. Top two figures correspond 


to jets are clustered with the anti-k; algorithm (R = 0.7), while the bottom figures are for (R = 0.4) 


jet selection efficiencies, which is greater than 99%. Figure 226.1 show the double- 
differential inclusive jet cross section measurements, presented as a function of pr 
for seven |y| ranges, after unfolding for detector effects. The data are consistent with 
the predictions over a wide range of jet pr from 114 GeV up to 2 TeV. 
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The original version of the book was inadvertently published with incorrect author 
name and affiliations in Chapter 147, which have to be corrected as follows: 

In the first occurence, the author name “H. C. Pandey” has to be changed as 
“H.C. Chandola” and the corresponding email id “hempandey @birlainstitute.co.in” 
has to be replaced with “chandolaharish @ gmail.com”. 

In the second occurence, the email id “chandolaharish@ gmail.com” has to be 
replaced with “hempandey @birlainstitute.co.in” for author “H. C. Pandey”. 

And also, a new acknowledgement text has to be included at the end of the 
chapter. The erratum chapter and the book have been updated with the changes. 
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